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ABSTRACT
USING ACTION RESEARCH PROTOCOLS TO STRUCTURE THE
DEVELOPMENT OF A COMPLEX EXHIBIT AT A REGIONAL CHILDREN’S
MUSEUM

FEBRUARY 2008
JOHN CIPORA, A.B., BRANDEIS UNIVERSITY
M.Ed., UNIVERSITY OF MASSACHUSETTS AMHERST
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Alfred L. Karlson
Action research has proven to be a powerful protocol for enhancing bestpractices pedagogy and for guiding reflective practitioners in becoming effective
change agents. This dissertation uses action research methods to, first, frame the
institutional process of crafting a new, complex water exhibit at a Massachusetts
children’s museum; and second, to closely follow, reflect upon, and assess the efforts by
multiple stakeholders across a two-year period to produce an exemplary learning
environment. This research provides parameters by which other children’s museums
can likewise maximize their creativity and resources in exhibit development through the
use of fully substantiated action research methodology.
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Notes
1 The incorporation of critical friends and validation groups is typically requisite for
action research projects. Cf. esp. McNiff & Whitehead (2006, p. 85).
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CHAPTER 1
INTRODUCTION
Play is the highest form of research. Albert Einstein

In this introductory chapter, I will delimit the overall framework of the study,
circumscribing the topic and placing it in context. The dissertation topic is the action
research-guided development of a water-focused exhibit, At the Canal’s Edge; the
immediate context is that of a regional (western Massachusetts) children’s museum, the
Children’s Museum at Holyoke. The specific museum setting is important because it
provides highly particular, place-based parameters for relevant educational,
developmental, and methodological issues; these in turn provide focus and give point to
the research protocols and analysis. I will explain my reasons for doing the research,
indicating both why it is interesting and what its important pedagogical implications
are. Throughout, I will move from the global to the more particular aspects of the work,
beginning with an overview of the children’s museum field. Many of the defining
characteristics introduced here will be explained at greater length in Chapter 2,
Background and Context. Narrowing my focus, I will discuss action research as it
defined and determined my efforts throughout this process, and describe the importance
of the Association of Children’s Museums (ACM) to the field and to the project. I will
conclude this chapter with an account of the ways in which the ongoing organizational
operations of the Children’s Museum at Holyoke intersected, informed and constrained
this action research enterprise, and were in turn significantly impacted by my research.
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Throughout this chapter, and indeed across the entire dissertation, I have
endeavored to maintain focus upon “ .. . ways in which the theoretical and the practical
intertwine” (Florida, 2005, p. 14), with an emphatic, unapologetic view toward “ ... the
practical intricacies of everyday life” (Geertz, 2000, p. 242). From this standpoint,
then, in concluding the complete report I will explain the relevance of the project to the
larger children’s museum field, particularly as the field intersects and influences early
childhood education and family studies more generally. My intention throughout is to
render a convincing narrative. “I start with the assumption that the aim of educational
research and evaluation is the achievement of a virtue: the creation of knowledge . . . “
(Eisner, p. 214). As well, I have attempted to follow Weiss’ (1994, p. 173) dictum,
“Find a sequence to your material that makes a compelling story.”
In one respect all good reports, despite wide variation in style, are similar: they
tell a coherent story. They provide a line of argument, or an image of how it all
works, such that material presented early in the report prepares the reader for
material that will appear later and later material draws on the earlier. The
reader, at the end, can grasp the report entire. (Weiss, 1994, p. 153)
I have worked, then, with the intent that the reader of this document will find
that the sequence I have isolated creates substantive knowledge by the presentation of a
coherent and persuasive explanatory narrative.
Throughout this document, the descriptor children’s museum will be sometimes
abbreviated CM; the Children’s Museum at Holyoke will sometimes be abbreviated
CMH; and the exhibit under consideration. At the Canal’s Edge, will sometimes be
abbreviated ATCE. Further, action research will sometimes be abbreviated AR. The
pronoun ‘we’ refers exclusively to the planning team unless otherwise specified.

Stream table and water table are used interchangeably. All photographs in the
dissertation are by the author.
My reasons for doing the research were straightforward enough, resulting from
a serendipitous consultancy offered to me which I then, in the alertly opportunistic
fashion advocated by action research theoreticians, crafted into the form and content of
my dissertation. In early 2004,1 was invited to sit in on a series of introductory
planning meetings to discuss developing a new water exhibit at the Children’s Museum
at Holyoke by the Executive Director, Beth Barton, a colleague of many years standing.
I had been her supervisor for a number of years in the past at the museum; she felt that
my experience and capabilities as both a child development specialist and as an exhibits
professional could bring a very useful set of skills to their incipient project. This initial
framing of the working scenario, in which I was an invited consultant whose specified
role was to guide rather than to decide, informed all our subsequent interactivity across
several years; it both permitted and provoked an optimally-satisfying mutuality.
“Ideally, the ‘research addresses the goals of both parties’—that is, it serves the needs
of the community seeking the action research, and doctoral students see a melding of
these goals with those of their own research” (Herr & Anderson, 2005, p. 83; citation
deleted).
In large measure, I was invited in because I had years of experience in exhibit
work, in contrast to the current CMH professional staff who were relative neophytes to
the intricacies of the role. “Studies of novices solving problems have disclosed
epidemic disorganization when the going gets rough” (Perkins, 1981, p. 195). The
intent from the outset was to take advantage of my competence to help cybemetically
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steer the course in an aptly organized manner (e.g., “You must know when to do what”
[ibid, p. 196]).
Framing A TCE as an action research endeavor provided the museum with
considerable pro bono research-informed consultancy that it would not have had the
funds to contract for; at the same time, it provided me an exquisitely tailored
opportunity to do my doctoral research within an organization which was explicitly
responsive to the rich potentials that an action research methodology was able to bring
to their exhibit development process. The fact that I had, some five years previously,
co-conceptualized the Connecticut in the Classroom Initiative and co-authored the
grants which implemented it and set the stage for this exhibit was also an integral part
of the overall schema impacting our joint enterprise.1
Of course, once the project had been approved as my dissertation topic by my
dissertation committee, the extent of my involvement in the project became far more
elaborated. In particular, all my subsequent work which the dissertation records and
assesses became pro bono rather than fee-based as originally arranged, saving the
museum thousands of dollars in fees, travel expenses, and multimedia costs; in
exchange, the benefit to me was the full, unfettered access to the project particulars as
my participatory action research venue. In short, what inspired my choice of problem
domain was the museum’s explicitly articulated need to enlist my help in creating the
new exhibit and the exceedingly assessable connectivity of that creative process to
field-relevant areas of practice.
This topic is particularly interesting to me because it provided me the
opportunity to significantly extend my professional skill sets as they impact children's

d

museum exhibit conceptualization, development, design, and construction; these have
been core areas of my work for well over a decade. Further, it gave me unimpeded
access to pursue my academic and professional research in a collegial, familiar context
where my expertise was both respected and challenged through the situational
requirement to create an exhibit extending, often in novel dimensions, my extant
exhibit-centered experiences and competencies in the pedagogical arena of experiential,
informal learning.
More broadly, my action research has had a change-agent impact on the CMH:
the outcome would have been significantly different without my input, as this document
makes clear. Also, my intention and that of the planning team at large is that the
dissemination of relevant data about our process and its results will have utility for
children’s museum professionals from other institutions which make an institutional
decision to create a water exhibit in the future. It is within these parameters that the
ways in which the work is interesting to others is most evident. The particulars are
worth unpacking, in that they provoke interest across a number of relevant dimensions.
First, this extensive documentation of our work encodes many specifics of a
complex planning process, teasing out sundry pertinent characteristics of its trajectory.
Next, it incorporates findings of a multivalent investigation into the efforts of
professionals from a number of CMs to make use of best practices field-wide in seeking
to comprehend and support core domains of children’s learning in related water-focused
exhibits. Also, it specifies an extensive array of physical solutions to that problem set,
as created by exhibit teams from a series of museums of various scale and institutional
character. Finally, this work summarizes a number of significant models which
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incorporate environmental and ecological factors into analogous water exhibits. The
AR reporting was guided by the need to make the experience exportable.
“Problem-setting is a process in which, interactively, we name the things to
which we will attend and frame the context in which we will attend to them” (Schon,
1983, p. 40). As indicated in the Dissertation Proposal, the planning team collectively
identified two principal issues to which we felt it was critical to attend throughout the
entire development process. The first task was to deeply investigate a number of
examples of comparable exhibits at other children’s museums, especially by site visits
for first-hand, first-person observation and discussions with staff and visitors at those
institutions. The goal in this instance was to identify benchmarks of excellence to serve
as models to guide us in our search to achieve optimum results. The second task was to
make extensive use of focus groups of relevant stakeholders in the project to obtain
direct input in the creative process of creating the exhibit; the goal here was to elicit
ideas and concepts which would be difficult or impossible to accrue in less interactive,
participational ways. The framing of these issues, then, focused the planning team’s
attention upon the most effective way to address them; rather by default, they both
basically fell to me as the action researcher as well as the reflective practitioner with the
greatest flexibility of schedule and overall opportunity to follow up on emergent
information and insight in a timely fashion. A good deal of the content of this
document reports the protocols that I followed in working through these factors.
In its broad-scale architecture, the dissertation is an effort to frame and fully participate
in “the ecology of learning” (Geertz, 2000, p. 121); at its narrowest, it is an attempt to
catalogue my own professional development as it was enhanced by my involvement in
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thqATCEproject. This focus on the researcher’s evolving practice is a core tenet of AR
work, and will be supported further in subsequent chapters. In this instance, that proved
a highly reciprocal sequence of experiences, in which the museum provided the context
for my learning, and my ongoing targeted and reflective learning then informed the
process of the development of the exhibit by all the other participants. This recursive
and reiterative cycling generated a series of non-trivial implications.
Let me conclude this section with but a single example of these important
implications of my research (a number of additional appropriate examples will be
provided in Chapter 5, Summary, Recommendations, and Conclusions). If each
children’s museum would do a similar action research-informed study, perhaps in
ongoing partnership with a local or regional graduate school to provide current bestpractices research assistance, each time the institution was creating a major new exhibit,
and then made this record available field-wide, the database of appropriate generative
protocols, currently quite limited, would become substantive and readily accessible in a
matter of a few years. Open access by all CMs to such a database could dramatically
simplify the exhibit development processes now commonly used.

Children’s museums
2

“No one flunks museum.” Frank Oppenheimer

For the purposes of the accreditation program of AAM [American Association
of Museums], a children’s museum is defined as an institution committed to
serving the needs and interests of children by providing exhibits and programs
that stimulate curiosity and motivate learning. Children’s museums are
organized and permanent nonprofit institutions, essentially educational in
purpose, which utilize objects, maintain a professional staff, and are open to the
public on some regular schedule. (Maher, 1997, p. 2)
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I have been convinced for some time, since first encountering the concept in
Gardner’s Multiple intelligences: The theory in practice in the mid-1990s, that
children’s museums both embody and articulate a new, and critically needed, paradigm
in education.

This recognition is not yet necessarily commonly held; as Kuhn pointed

out, “discovering a new sort of phenomenon is necessarily a complex event, one which
involves recognizing both that something is and what it is” (Kuhn, 1970, p. 55).
Kuhn’s that, in these circumstances, is the more readily captured part of the recognition
equation: these institutions are demonstrably divergent from the more common or
mainstream contemporary approaches to supporting children’s learning (Falk &
Dierking, 1992, 2000, 2002; Gardner, 1993, esp. pp. 75-76, 197-200); they are
qualitatively rather than merely quantitatively distinct from schools, for instance. The
what, however, involved in isolating the definition of these new sort of learning
environs phenomenon is more complex and multivalent. I shall attempt to render an
adequate description in the following pages. I would suggest further that this (nonexhaustive) catalogue of descriptors also helps delimit what, by inference, children’s
museums are not.
The range of available offerings in such museums is growing quite rapidly, both
at national and international levels. In 1975 there were some 40 children’s museums in
the U.S.; by 1990 the number had risen to 120, and by 2005 to 250, with nearly 80 more
in the planning stages (http://www.childrensmuseums.org/index.htm; retrieved 6/14/07).
What I have noticed in my work in the field across more than a decade is that
practitioners now commonly refer to the fact, first articulated by Mike Spock,4 that the
core attribute distinguishing children’s museums from all other institutions within the
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category is that children’s museums are for someone (e.g., children) rather than about
something (e.g., any specific or global domain, topic or theme). Children’s museums
celebrate, support, and honor children and childhood, rather than seeking principally to
“improve” upon them, or it. They seek, as an overarching characteristic, to provide a
deeply engaging and developmentally appropriate venue in which children and their
caregivers can immerse themselves in experiential, experimental, and environmental
positive play; I will revisit these three categories throughout this dissertation.
I would posit that the concept that play engenders, supports, and guides learning
is the single most potent commonality among children’s museums, and that the
concomitant supporting theoretical perspective (e.g., field-wide operating assumption)
is that this positive play leads to powerful productivity. In Chapter 2, Background and
Context, I provide a more comprehensive taxonomy of theory supporting this
sensibility. This tacit heuristic—or, indeed, implicit global bias—about the
irreplaceable value of play provides a clear segue into a discussion of terminology
relevant to a comprehensive understanding of the children’s museum identity and
character. It is, incidentally, critical to such understanding to realize that the exhibitry of
children’s museums is the primary mechanism for engaging children and for supporting
their learning. Much of the following discussion centers around unpacking the theory
and practice encoded within such pedagogically innovative, effective, and engaging
exhibit environments.
Multiple overlapping but non-identical descriptors provide simultaneous
evocative frames of reference for thinking about children’s museums. Examples of
these constellations of overviews are play-driven, discovery-centered, inquiry-based,
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child-centered, and interest-focused. CMs provides a myriad of new or moderately
novel ways in which children may connect, literally or metaphorically, and ideally in
self-directed, self-motivated fashion, with the world, most notably in kinesthetic,
proprioceptive, and dynamically interaccommodative dimensions.
These muscle-, joint-, and nerve-informed capabilities are, in exemplary
children’s museum environments, enhanced and supported by ergonomically-sensitive
design of elements and components. While Montessori5 provided (nearly a century
ago) much relevant explanation of the need for such thoughtful scaling and directing of
children’s learning space components, the particulars thereof nonetheless must be
reinvented each time a new space is created, in that such site-specific particulars are
never fully transferable or exportable. The new context, even if in the same museum,
has different constraints and opportunities. When the context is more radically
disjunctive (a different museum, a different city, state, or country), the contextual
specifics, that is, the requisite inch-by-inch designing and detailing, effectively require
total rethinking in order to genuinely advance the field and serve the children in their
learning. Otherwise, the solution emerges as mere repetition rather than creative
reinterpretation.
This type of learning experience is often referred to as “informal.” Rather
than defining it, as it often is, as learning that happens out-of-school, we prefer
to define it by its characteristics. Informal learning refers to activities that are
nonsequential, self-pacing, nonassesssed, and often involving groups. (Dierking
& Martin, 1997, p. 631)
CMs are predicated on just such informal, active, participatory learning, as
opposed to specifically teacher-demonstrated teaching, which may (I always hope) or
may not (I often fear) result in consequent learning actually occurring.6 “Even the
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statement (endorsed if not originated by Piaget) that every act of teaching deprives the
child of an opportunity for discovery is not a categorical imperative against teaching,
but a paradoxically expressed reminder to keep it in check” (Papert, 1993, p. 139). An
explicitly-delimited subtext of this type of experiential learning, usually referred to in
the field as hands-on learning, is that it is often object-based, that is, engendered by the
opportunities presented to children to interact at their developmental level with items
and artifacts. A correlative observation comes from Henriques (1990, p. 177), namely
that, “It.. . appears that for children at primary school level, interacting with objects is
a deep intellectual and emotional need
True understanding involves action, on both the motoric and conceptual levels.
Consider for example the understanding of class properties. A traditional view
might propose that the child can simply be taught some facts about
7

classification, for instance, that a square is a geometric form. Piaget’s view, on
the other hand, argues that understanding of classification consists of a sequence
of activities. First, the child physically sorts or otherwise manipulates objects.
He feels various forms and in this way (among others), perceives the differences
among them. He may put different forms in different places. Later, he can sort
the objects solely on a mental level; now the child does not need to separate
things physically. Later still, he can perform inclusion operations on imagined
classes of objects and can consider that a hypothetical class includes and is
“larger than” its constituent subclass. Thus, knowledge of classification does
not merely involve facts but actions as well: physical sorting, mental sorting,
mental inclusion, operations. Furthermore, most of these actions are nonverbal.
[This final qualifier is deeply resonant with museum learning, while virtually
anathematic to standard school-centered pedagogy]. (Ginsburg & Opper, 1988,
p. 241)
In other words, CMs provide extensive opportunities for children to play with
objects.
These notions that learning must be actively and internally constructed by the
learner rather than explained completely by another person are not new. Jean
Piaget in his numerous studies detailed examples of the construction of
knowledge by children as they acted on objects. His ideas provide an important
foundation for all the research in this area . . . (Julyan & Duckworth, 2005, pp.
62-63)
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Part of the efficacy of children’s museum learning environments is their
emphasis on the power and transferability of such actions upon objects across all ages
of experimenters, and across all levels of competencies, realms of interest, experiential
familiarity or the like. This cross-referential sensibility was perhaps most iconically
framed by Bonnie Pitman in her assertion, “Give me an object and I’ll teach something
to anyone.” To my mind, the crucial part of this formulation is the implicit
generalizability it encodes: every individual (museum visitor, in this instance) who
interacts with a specific object will have a cognitive response to that object, whether it
is utterly familiar or entirely novel to her or him. It is this predictable cognitive
response which undergirds the field-wide reliance on experience-driven learning
through play, not merely the play per se. It is, incidentally, of no small consequence

that our interest is not in cataloguing the precise response that each visitor has (as actor
vis-a-vis object), but in ensuring that, due to the richness and the intriguing nature of the
provided array of available provocative objects and environments, the response
outcome is in some demonstrable measure effectively positive for each of those visitors,
across all the extraordinary variability of individuals making up the visitor mix. In fact,
as Gopnik and Meltzoff point out, questions as to the types of comprehension that
emerge developmentally have not yet been fully investigated.
The links between the development of sorting at 18 months and the later
understanding of kinds at 2 1/2 are still only partly understood. We do know,
however, that there are extensive changes both in children’s sorting behavior
and in their naming throughout this period. One important development may be
appreciating the fact that there are other levels of sorting than the level of kinds
and that objects can simultaneously belong to many different categories at once.
There is some evidence that children initially have some difficulty with this idea
and only later develop a nested hierarchy of different levels of categorization.
(Gopnik & Meltzoff, 1997, p. 183; citations deleted)
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Seymour Papert (1993, p. 138) expands upon this effort at categorical
distinction. His clarification of the core construct of the concrete serves also to point up
the limits of what might well be interpreted as the prime index and indicator of handson learning.
In the discourse of education, the concrete is often used in its everyday sense.
When teachers talk about using concrete materials to support learning the idea of
numbers, one easily understands that this embraces such methods as using
wooden blocks to form number patterns. But the word has also acquired more
specialized meanings, of which the most prominent is closely associated with
Jean Piaget’s famous . . . theory of stages. Unfortunately the two kinds of use
are often confounded: It is easy to fall into the trap of reading Piaget as if the
word had its ordinary meaning, and the fallacy is supported by the many books
written in a patronizing tone on the lines of “Piaget made easy” for teachers. In
fact, Piaget is doing something more complex and much more interesting when
he describes the thinking of children of elementary school age as “concrete.”
This is as much a technical term as the physicists’ use of the word force or
psychiatrists’ use of the word depression—in all these cases meanings will be
misunderstood unless one realizes that the words get a special twist from
theories that often go against the grain of common sense. Piaget’s concept of
“concrete intelligence” gets its meaning from a theoretical perspective that
emerged slowly, and not always consistently, in the course of an enormously
productive lifelong enterprise of research.
This perspective is amplified and elucidated in a passage from Weiss:
Our interest is much more likely to be attracted by the concrete and particular
than by the abstract and general. And we understand the concrete more easily:
we can identify with actual people and immediately grasp real situations
whereas the abstract and general requires us to understand in a more secondary
way. (Weiss, 1994, p. 167)
This sort of theoretical lucidity has great utility, pedagogically in general, and
more specifically in relation to this study, in the learning environments of children’s
museums. Holt (1964, p. 101) reminds us that, “We make a serious mistake in asking
children to perform symbolically operations which they could not perform concretely.”
Such clarity of intent became a goal-elucidating baseline for thqATCE work team.
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Object-based, inquiry-based or experiential
In his 2001 ACM InterActivity Keynote address, David Elkind credited Froebel
with pointing out that, “Children need to learn the language of things before they learn
the language of words” (personal conference notes, 4 May 2001). Closely related in
intent is the assertion that, “We see this same drive to understand the world in its purest
form in children. Human children in the first three years of life are consumed by a
desire to explore and experiment with objects” (Gopnik, Meltzoff, & Kuhl, 1999, p. 85).
Importantly, “Museums happen to be particularly good places for this activity [of
making connections between ideas and objects]” (Falk & Dierking, 2000, p. 147).
I would like to briefly point up the Venn-diagram-like overlap between objectbased learning and experiential learning. In effect, I believe these tend to be conflated
in the way in which they are used in children’s museum parlance; consequently, a
certain useful nuance of categorical distinction is lost. How to parse this without being
pedantic or unduly distinction-bound? There certainly exists great conceptual
interweaving between the two modes. One may appropriately investigate the
characteristics of a given object by means of experiential methods; conversely, one may
aptly tease out relevant attributes of experiential learning by using well-chosen objects
to particularize it. This becomes somewhat tautological, yet nonetheless, though in that
unfortunately cumbersome fashion, closer to being grasped, framed in a comprehensible
way. In order for something to be experienced, there must be something there; thus, by
definition, an object is requisite to enable the experience; however, the processes which
are used to manipulate the object or set of objects may be of much greater significance
than the object qua object. Likewise, to encounter an object, even at a distance,

14

demands at least the capacity for the experiential: some modality must be enlisted, even
if totally extensional, even if as abstract as in the multiply-mediated encounter of an
electron microscope. In sum, I view object-based learning and experiential learning as
conjoined in practice, although theoretically distinct. They prove to be co-constructors,
each necessary but not sufficient to explicate the fundamental approach of CMs. That
approach is grounded in real-world-based contexts for experience, which, in Clark’s
frame of reference, serves to circumscribe the types of learning sought and completed.
[I]t now seems reasonable to imagine that the real-body, real-world setups of
many tasks will deeply influence the nature of the problems they present to
active, embodied agents. The real-world problems will be posed in a milieu that
includes the spring-like properties of muscles and the presence of real, spatially
manipulate objects. (Clark, 1996, pp. 80-81)
In Owls head. Rosamond Purcell points up a fact extending Clark’s concept.
The ultimate value of any single thing is based on its connection to other things.
In other words, it is not only artifacts per se which have pedagogical potency in
these orchestrated contexts, but the actual and potential relationships,
correlational and causal, among these objects. (Purcell, 2003, p. 141)
The efficacious amalgam synthesized by children’s museums, then, is the
generating of interesting and engaging environments, typically encompassing social
contexts, in which children can act on objects. “The sight of action is an incentive for
action” (Alexander et al., p. 774); that is, this “ .. . natural, comfortable, playful context
... ” (Gardner, 1993, p. 223) serves as a developmentally appropriate standpoint which
not only enables but in fact provokes children to learn playfully. This play-inflected,
socially-contexted learning, about which more will be said over the course of this
introduction, may well engender especially robust and transferable types of learning.
Alternatively and more interestingly, we can imagine many ways in which
participation in a social community might enable or facilitate other mechanisms
of conceptual change. Clearly this happens in science . . . and we can imagine
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that it would also happen in childhood. As in science, social interaction may be
particularly important as a way of gathering evidence. Other people might
structure the child’s life so that particular kinds of evidence are especially
salient. For example, giving 18-month-olds particular objects to play with may
often highlight particular phenomena. A child who plays with mixing bowls
will be gathering evidence about different sorts of phenomena than a child who
plays with clay, or spears and arrows. (Gopnik & Meltzoff, 1997, p. 71;
citations deleted, emphasis added)
CMs provoke, by providing a platform for memorable experiences, leaming-asfun; this standpoint increases the probability of generalizability or transferability of new
skills or insight acquired during any given visit (Bransford, Brown, & Cocking, 2000).
It is my observation that this perspective regarding the primacy of learning in playful
social contexts as being the foundational character or quality of children’s museums is
shared by the majority of professionals in the field, and that it likewise links many of
the mission statements which drive the institutions they serve. I will provide ongoing
support both for this observation and, more importantly, for the veracity of the playprivileging theory supporting the perspective, throughout the dissertation.
My objective in my role as a museum design consultant has long been to provide
optimal learning-intensive environments for young children, responsive realms
equipped with interaccommodative, generally self-explanatory equipment. The
working assumption here is that the environment both elicits and modifies the behavior
of the children experiencing that environment; that assumption can be logically
extrapolated, then, to serving as the framework for the goals of the team devising
elaborations of the environment. The feedback-rich equipment is typically designed
with an eye to the provision of child-determined miscue identification and analysis;
self-scaffolding is made more likely by this provoking of reflectivity and even, at least
in best-case situations, of metacognition. Child-friendly, engaging, non-threatening
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appurtenances become generators of self-correcting behavior, by virtue of their nonjudgmental, affordances-rendered quality. The gamut of involvement opportunities and
mechanisms connects to the metagoal of providing developmentally-inflected potentials
for action, investigation, and literal as well as conceptual connection-making.
The integration of these constellations of characteristics—of the self-explanatory
with the self-correcting—results, at least optimally, in the creation of learning
laboratories where thinking about action (before, during, and after engaging in the
action) is a predictable and, perhaps, even an inescapable correlate of the child’s efforts.
Exploration is an important and, unfortunately, often-neglected ingredient in any
educational process. Humans are naturally inquisitive and curious animals.
From the moment we are bom, we make sense of the world through observation,
inquiry, and social interaction with others. This is no accident. As we have
suggested, learning has evolved over a long period and consequently the human
brain contains a rich collection of dedicated, functionally specialized,
interrelated mechanisms organized to guide exploration and inquiry.
Exploration is a fundamental block of learning, an activity that we continue to
engage in throughout our lives. (Falk and Dierking, 2002, pp. 57-58)
The theory supporting this overarching experientially-driven sensibility derives
in large measure from Dewey, but current researchers and philosophers provide
considerable additional point. Csikszentmihalyi, in Finding flow, states that, “To live
means to experience—through doing, feeling, thinking” (Csikszentmihalyi, 1997, p.
80). A correlative construct comes from Dykstra (2005, p. 242): “When you have
invented an idea for yourself, it is much more a part of you than when you memorize a
description of it from someone else.” “It is ... an optimism of possibilities” (Hawkins,
1990, p. 99). This optimism leads us to effortfully structure situations geared toward
enabling children to think as they act. That goal, in turn, encompasses both the notion
of evocative or provocative environmental attributes and the correlative provision of
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sufficient time and space around those attributes to allow children of very different
developmental levels to be granted the luxury of what I have come to call contextual
thoughtfulness. I find that this approach to the creation of optimum environments for
deep learning suggests nothing less than the full integration—to reframe
Csikszentmihalyi—of action, cognition, and affect.
The next section of this chapter will explore this synthesis in greater detail,
including the incorporating of a fourth core aspect of fully integrated cross-domain
learning supported by children’s museums, namely emotional response; the complete
schema, then, as it informs my work as a children’s museum professional, encodes
multi-modal synesthesia of perception, thought, action, and affect.

Thought-action interface
The child’s thought is in close connection with his muscular activity. Piaget
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I believe, based on twenty years of observation, that CM’s critical focal point
may be articulated as the intersection of thought and action. This, on my view, provides
explanation for the previously-discussed point of play as defining these institutions’
central pedagogical approach. Their peerless provision of inspired opportunities for
dynamic action effectively ensures, through that close connection of cognition with
activity, the evocation of more richly elaborated thinking; the tacit intention is to render
seamless the connection between the physical and the conceptual, the material and the
mental. “One of Piaget’s central themes is that concrete action precedes and makes
possible the use of intellect” (Ginsburg & Opper, p. 41). Simply put, this is, “ . . .
knowing-in-action, the characteristic mode of ordinary practical knowledge” (Schon,
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1982, p. 54). Moreover, “This is body imagination at work, when the feel of muscle
movement or physical tension or touch is enacted in order to think and create” (RootBemstein & Root-Bemstein, 1999, p. 162). The Root-Bemsteins also note,
Thinking with the body depends on our sense of muscle movement, posture,
balance, and touch. This general sense, discovered in the 1890s by the
neurobiologist C. S. Sherrington and called proprioception, is fundamental to
our experience of the body. As we walk or run or jump we are constantly aware
of how our body feels; and we know where we are in space. Most of the time
we have this awareness without realizing it. According to neurologist Oliver
Sacks, “that continuous but unconscious sensory flow from the movable parts of
our body” has been called our “sixth” or “secret” sense. We continually monitor
our muscles, Sacks notes, and adjust their “position and tone and motion . . . but
in a way which is hidden from us because it is automatic and unconscious.”
(Ibid, p. 161)
Such thinking-through-action links conceptually with the process of sense¬
making, that is, active involvement by the learner in the process of comprehension.
Much of recent educational theory, following the writings of John Dewey, the
empirical work of Piaget and his followers, and the socially situated theories of
learning of Vygotsky and others, emphasizes the active participation of the mind
in learning, and recognition that the process of learning is not a simple addition
of items into some sort of mental data bank but a transformation of schemas in
which the learner plays an active role and which involves making sense out of a
range of phenomena presented to the mind. (Hein, 1998, p. 22; emphasis added)
All of these capacities and capabilities, along with others that are undoubtedly
related which I have not managed to isolate, are in part supported not only by the
scaffolding environment10 but by the fact that this environment possesses, as an
inherent (albeit ineffable or at least uncatalogued) attribute, the capacity to cue
proxemics, or the way in which children and adults operate kinesthetically within the
particular space. In Beyond culture. Hall states, “Proxemics refers to man’s use of
space as an aspect of his culture; i.e., conversational distance, planning, and use of
interior spaces ... and the like” (Hall, 1976, p. 248). In the same volume (ibid, p. 75),
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he notes that, “Birdwhistell has defined kinesics as the way one moves and handles
one’s body.” Children’s museums, across the multifarious array of configurations and
spatial organizational schemata which they embody, manage artfully to provide a
context for open-ended exercise of kinesics within an evocative yet unstructured realm
that tends to support enthusiastic proxemic exploration. Likewise, children’s museums
have from their inception (LeBlanc, 2001, esp. pp. 2-6) provided stimuli across a broad
spectrum of modalities; consequently, their rich environments have long supported what
has come to be termed cross-modal perception. They provide proprioceptive cues
(“proprioception, the inner sense that tells you how your body ... is located in space”
[Clark, 1996, p. 22]), from joints, muscles, and tendons, which enable and indeed
provoke what my colleague Theresa Kamecki has referred to as children’s capacity to “
. . . live in their exuberance” (personal communication, October 1, 2006). Berk notes,
“Recent evidence reveals that from the start, babies perceive the world in an intermodal
fashion” (2002, p. 204, citations deleted).
A useful analogy ... is with the division of processes in a modem factory,
where many processes are devoted not to the actual construction of the product
but rather to the internal trafficking of materials. Likewise, many
neuroscientists now believe, large amounts of neural capacity are devoted to the
trafficking and handling of information. The role of certain neuronal
populations, on those accounts, is to modulate the flow of activity between other
populations so as to promote certain classes of attentional effect, multi-modal
recall, and so forth.11 (Clark, 1996, p. 136; citation deleted)
He elaborates on this cellular level conceptioning (ibid, p. 141), noting that
“ . . . individual neurons are best seen as filters tuned along multiple stimulus
dimensions.” “A century of educational research has demonstrated that skills and
concepts learned in a multimodal way are more likely to be used broadly than are ideas
learned in problem-specific contexts” (Root-Bernstein & Root-Bemstein, 1999, p. 289).
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They extend their point dramatically by asserting, “We cannot attain true understanding
except through transformational thinking that links as many ways of knowing to as
many forms of communication as possible.” Finally, they state, “Muscular, tactile, and
manipulative thinking skills play an important role in understanding biological,
chemical, and physical systems. They also figure noticeably in mathematics” (ibid, p.
172). The term “immersive environment,” common to descriptions, explanations, and
assessments of children’s museums, connotes such poly-sensorial characteristics. A
passage from The museum experience points up a relevant behavioral outcome, as well.
The significance of different learning modalities is reflected in a common
anecdote about school field trips in which the classroom “bad” child becomes
the museum “good” child. The change in modality of museum learning
frequently permits problem children to shine. (Falk & Dierking, 1992, p. 153)
Intertwining of perception, thought, action, and affect
In my extensive reading of field-relevant publications, I have noticed that the
authors of a number of articles tend to isolate the categorical or instrumental approaches
of object-based learning from action-driven learning; in actuality, the two form a
seamless dyad of interaccommodative investigations and experimentations. The
previously-mentioned array of perceptual modalities which they privilege serves to
bridge across multiple, and simultaneous, dimensions of interpretation. “The division
between thought and action fragments once we recognize that real-world actions often
play precisely the kinds of functional roles more usually associated with internal
processes of cognition and computation” (Clark, 1998, p. 221). He extends this insight
very specifically, touching on three of the four crucial integrated trajectories of learning
that I am proposing, namely perception, action, and thought.
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Cognitive development, it is concluded, cannot be usefully treated in isolation
from issues concerning the child’s physical embedding in, and interactions with,
the world. A better image of child cognition (indeed, of all cognition) depicts
perception, action, and thought as bound together in a variety of complex and
interpenetrating ways. (Clark, 1998, p. 36)
This insight is elaborated, “Motor development and perception should be
viewed as interdependent parts of a child’s ‘action system,’ or his system of orienting
and moving in his environment” (Hetherington, Parke, Gauvain, & Locke, 2006, p.
181). Action and perception in effect coalesce as a kind of “free form interactive dance
between perceiver and perceived” (Clark, 1998, p. 172; citation deleted). Likewise, “It
seems right to say that our knowing is in our action” (Schon, 1983, p. 49).
The concept that children—or individuals of any age—learn best from selfinitiated activity is vital for the guidance of education. . . . Piaget places major
emphasis on the role of activity—both physical and mental—in intellectual
development. In Piaget’s view, “to know an object, is to act on it.” Almost
from birth, the infant touches objects, manipulates them, turns them around,
looks at them, and through such activities gains an increasing understanding of
their properties. It is through action, not passive observation, that he develops
an understanding of the world. Indeed, there is a sense in which the child
constructs reality. For the older child, too, the essence of knowledge is activity.
Thus, when the preoperational child attempts to remember (retain his knowledge
over time), he actively organizes the material by assimilating it to available
schemes. Often, the child’s understanding is not on a verbal level, which in fact
usually takes a long time to develop. The adolescent’s knowledge also involves
activity: in trying to understand physical phenomena, he actively generates
combinations of hypothetical possibilities and transforms them in thought. He
does not simply respond to the immediate present. To summarize, in all cases—
whether behavioral schemes, concrete operations, or formal structures are
involved—the essence of knowledge is activity. (Ginsburg & Opper /ibid, p.
239; citation deleted)
A related privileging is that of self-directed investigations, or observations:
“Observing is a form of thinking, and thinking is a form of observing” (Root-Bernstein
& Root-Bemstein, 1999, p. 43). This encodes a similar undue distinction often still
drawn between observation or perception, and action; once again, current learning
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theory and brain-based research is drawing these once-disjunctive domains into a
gestalt, an interpenetrating cycling neatly converging with the above thought-action
integration.
Schon also unpacks this artificial separation in relation to a consideration of the
utility of the reflection-action loops he propounds in his presentation of appropriate
action research methodology.
The fear that reflection-in-action will trigger an infinite regress of reflection
derives from an unexamined dichotomy of thought and action. If we separate
thinking from doing, seeing thought only as a preparation for action and action
only as an implementation of thought, then it is easy to believe that when we
step into the separate domain of thought we will become lost in an infinite
regress of thinking about thinking. But in actual reflection-in-action . . . doing
and thinking are complementary. Doing extends thinking in the tests, moves,
and probes of experimental action, and reflection feeds on doing and its results.
Each feeds the other, and each sets boundaries for the other. It is the surprising
result of action that triggers reflection, and it is the production of a satisfactory
move that brings reflection temporarily to a close. It is true, certainly, that an
inquirer’s continuing conversation with his situation may lead, open-endedly, to
renewal of reflection. When a practitioner keeps inquiry moving, however, he
does not abstain from action in order to sink into endless thought. Continuity of
inquiry entails a continual interweaving of thinking and doing. (Schon, 1982, p.
280) ’
This point, incidentally, was most useful both as a guide early on to our thinking
about the sequence of actions we might most productively follow, as well as in postfacto assessments. It emerged, just as Schon had suggested, that the surprising or
unexpected or quixotic results of our actions generated reflection; otherwise, the action
cycle simply proceeded unimpeded. Likewise, a thoughtful analysis was only useful to
the extent that it rendered evident a following action or, minimally, a direction for such
action.
The hypothesis of Inhelder and her associates is that our knowledge has three
lines of access. One is perceptual: Something about the way things look
connects to something about how things looked before. Another is action:
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Something about what we do calls up what we have done before. The third is
conceptual: An idea, a word, or a formula is the link. In any given situation, it is
the interplay among these three that determines our understanding of it and what
we do with it, not our conceptual knowledge alone and still less our logical
structures. (Duckworth, 1987, p. 45)
To subsume the final (affective) dimension inherent to these multiplyintersecting mappings, namely the point that “ ... the brain does not separate emotions
from cognition, either anatomically or perceptually” (Caine, & Caine, 1991, p. vii), we
may turn to the veracity of Vygotsky’s (1962, p. 8) allusion to “ ... a dynamic system
of meaning in which the affective and the intellectual unite.” Incorporating this point
into my schema, then, as noted previously I believe it logically imperative to integrate
affect into this dynamic four-fold matrix of experiential, environmental, and
experimental processing as well, thus rendering the interactions quadripartite rather than
triarchic. In The scientist in the crib: What early learning tells us about the mind.
Gopnik, Meltzoff, & Kuhl, (1999, p. 162) note that, “Like other human drives, that
explanatory drive comes equipped with certain emotions: a deeply disturbing
dissatisfaction when you can’t make sense of things and a distinctive joy when you
can.”
Meaningful learning both engages, and leads to adjustments in, every mind/body
system that we have, including our emotions. There is nothing in the brain that
would give validity to the belief that emotions and cognition are processed
separately. As educators, we must come to terms with what this means. (Caine
& Caine, 1991, p. 126)
The social context

“Learning is first and foremost a social activity . . . “ Elkind12

I will now consider the physical environment of children’s museums as they
impact the social environment. Every good designer, developer, or architect of CMs
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must be attuned to the primary mandate to render aesthetically rich realms which “ ...
“encourage social learning” (Nair & Fielding, 2005, p. 3). It is imperative to create, “A
good social learning space“ (ibid, p.97) which will be both open-ended and still
“ ... provide some structure for .. . spontaneity” (Gladwell, 2005, p. 140). The issue
of object-directed attention is fully integral with the social context provided within the
envelope of the museum. “Within the social context surrounding objects, the child
learns in what ways the world of objects is open or closed to exploration and
experimentation, discovery and invention” (DeVries & Zan, 2005, p. 132). “Sociable
and cooperative endeavours [sic] expose children to other children’s perspectives and
they become experts for one another, scaffolding their own and their peers’ learning
experiences” (Broadhead, 2006, p. 202). “ .. . fundamentally museums are
sociocultural environments” (Falk & Dierking, 2000, p. 91). My metagoal in the
following section is to show how “the personal and the social intermesh” in children’s
museum environs (the framing comes from Weiss, 1994, p. 172).
It seems that human beings have a special ability to identify with other human
beings as mental agents with needs, desires, and intentions that guide their
behavior. The potential for interacting with, and learning from, others that this
capacity makes possible is profound. (Hetherington et al., 2006, p. 347)
Upon reflection, I have come to understand that a major portion of my personal
history as a children’s museum professional has been occupied by paying close
attention to children’s behavior in the museum context. As part of this informal
examination of informal learning, I have noted many (thousands, literally) examples of
children, heretofore total strangers to one another, working harmoniously together to
jointly (but also individually) succeed (at least partially, or to their personal satisfaction)
at the mastering of the challenges of an exhibit, working on it and working through it. I
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took to calling it the “perfect strangers” phenomenon, since the children so typically, in
fact almost invariably, proved to be exemplary playmates at least for that moment in
time. The physical context elegantly supported the socioemotional context.
We also now understand that all learning is highly contextual, strongly
influenced by what someone already knows and understands, what they feel and
believe, and their unique view of the world. We know, too, that learning is
strongly influenced by the social and cultural relationships of that individual and
the physical environment in which the learning occurs. Learning is not some
kind of abstract event that happens in the vacuum of the mind, but quite the
opposite: Our minds work very hard at making sure that every bit of new
information, experience, feeling, or thought is firmly anchored and attached to
other bits of information, experience, feeling, and thought in our brain.
Everything is connected, and the greater and more appropriate the connections
we construct, the easier it is to remember and use that newly constructed
learning. (Falk and Dierking, 2002, p. 172)
Forman points up the enhancing of this interconnectivity of information that is
rendered possible by socially mediated learning.
Knowledge structures, as defined by Piaget, gain their coherence from special
types of reciprocity among facts. This reciprocity makes it possible for the
learner to reason beyond the givens of the elementary facts. The social context
of learning most certainly accentuates the formal dynamics of reciprocity and
thereby deepens the coherence of the concepts under study. (Forman, 2005, p.
217)
I believe it is necessary to categorize the social nature of children’s museums
more closely, as well, by focusing on their evolving role as safe havens.
Museums . . . have a vital role to play in building what a Baltimore-based
consulting organization, the Museum Group, calls “healthy human
communities.” A related idea has been advocated for some time now by Elaine
Heumann Gurian, a member of the group and well known for her work over
many years at the Boston Children’s Museum, the Smithsonian, and the
Holocaust Museum. During the winter of 1996-1997, Gurian proposed that the
AAM [American Association of Museums] expand its official statement of
principles—which seek to encapsulate the educational, stewardship, and publicservice roles that museums play, and to do so within a framework of diversity—
to include the notion that one of the museum’s core functions was to be “a place
of safety.” In an increasingly atomized and even hostile environment, she
argued, the museum ought to emphasize the fact that it has traditionally been
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and still remains one of the few public spaces where people of every background
can gather together for peaceful exchange in a secure surrounding. In that
mode, the museum might be understood as a contemporary descendant of much
earlier public gathering places such as ... the New England village green.
(Weis, 1994, p. 207)
This important consideration encompasses safe havens for both the body and the
imagination; it is encoded within “ ... a philosophy of education that is built on
reducing threat” (Caine & Caine, 1991, p. 67). These authors continue as follows:
If we want [children] to know what the information means, to expand on and to
question it, and to make as many connections as possible with the rest of what
they know, then we must challenge intrinsically motivated students within richly
stimulating, low-threat environments. (Ibid, p. 76; emphasis added)
In The experience of place, this point is echoed and amplified.
Safety is always the primary consideration and determinant. This connects
across both basic physical safety concerns and more abstract sociopsychological
concerns as well. A quiet place that offers no threat seems to invite people to
redistribute their attention, and any number of subtle perceptual cues can then
come into play. (Hiss, 1990, p. 34)
A way to particularize the global construct of children’s museums being safe
havens is to note that they function as a secure base for exploration (to radically reframe
Ainsworth’s initial definition of that term vis-a-vis children’s attachment to caregivers).
Of course all social behaviors have multiple causes; I’m not presupposing I can tease
these all out, merely that I can emphasize a number of particularly salient examples that
impact the children’s museum experience, both of children and of researchers. In
effect, then (or by extension), ATCE project participants dealt throughout with the
multi-dimensional nature inherent to the challenge of generating powerful, effective
learning environments. The topic of the physical environment will serve as the focus of
the following section of the chapter; alternately, this construct may also be framed as
the pedagogical environment, prepared environment, or enriched environment. Later in
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the chapter I will also explain it in terms of being a scaffolding environment, which
supports “ ... developmental interactions with a structuring environment” (Clark, 1998,
p. 94) and provides the stage for the child’s integration of object and context through
the confluence of perception, cognition, action, and emotion.
The physical environment
Neither inherited characteristics nor the environment can ever be the sole
determinant of development and behavior. Children are not blank slates. They
change, both psychologically and physiologically, as they “absorb” life.
Winston Churchill is reputed to have said to Parliament, “We shape our houses
and then they shape us.” We could as easily say that our experiences shape our
brains, and then our brains shape our experience. (Caine & Caine, p. 29)
This passage suggests yet another synonymous and serendipitous modifier, the
shaping environment, which in turn suggests a concomitant core operating premise,
namely that the creatively prepared children’s museum environment in and of itself is
possessed of the power to educate children. “Children’s museums pride themselves on
being environmentally rich institutions” (Maher, 1997, p. 150). “Learning is not only
facilitated by design and appropriate contexts, learning requires thoughtful design and
appropriate contexts” (Falk & Dierking, 2000, p. 195); such contexts embody “ .. . a
structured environment that may help [individuals] ... to solve . . . problems” (Clark,
1998, p. 80). These energizing realms vitalize, to use an evocative term favored by
Sutton-Smith (1997, esp. p.230); “ . . . biological systems profit profoundly from local
environmental structure” (Clark, 1998, p. 220; emphasis in the original).
Learning depends upon our ability to experience the world, but more
importantly, learning is enhanced when the quality of the environment is
maximized. In other words, the more appropriate the physical setting to what is
being learned, the more meaningful the learning that results. (Falk and
Dierking, 2002, p. 55)
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“ ... one learns information best when it is presented in a rich context.. . “
(Gardner, 1993, p. 126). Part of the richness of these contexts is their inherently
provocative, curiosity-stimulating aspect, evoking the kind of “ ... learning [that] often
comes as a surprise” (Csikszentmihalyi, & Hermanson, 1995, p. 71). An intriguing
environment is more likely than is a boring one to engender this sort of surprising
learning.
The preceding built-environment focus serves to particularize my personal
predilection to strive for transparency of structure and function in all my design work
for the children’s museum field, suggesting the link between “a good luminous
environment” and “physical, intellectual, and emotional well-being” (Hiss, 1990, p. 23).
Chak (2001) provides several sources sustaining the construct of considerable
reciprocity between child and environment: “ ... he [Vygotsky] saw the individual as
an active contributor in the dynamic person-environment relationship” (p. 384);
“According to [Kurt] Lewin, factors from both the momentary situation and one’s
general life situation (e.g., one’s experiences, disposition) contribute to the personenvironment interdependent constellation at a momentary situation” (p. 386). A
supporting framing derives from Fosnot & Perry, namely that, “The educator’s role . . .
is to prepare an enriched, developmentally appropriate environment” (Fosnot, 2005, p.
10). Hiss provides a generative clarification.
Of all the ideas that may form part of a late-twentieth-century understanding of
simultaneous perception, this one is probably the most startling—that particular
places around us, if we’re wide open to perceive them, can sometimes give us a
mental lift. It’s one thing to find out that a railroad station could be converted
into a school and another thing to realize that a mere room can function as a
teacher. (Hiss, 1990, p. 27; emphasis added)
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Not only must the environment support creative and investigative actions by
children, it needs to be so structured as to avoid adding challenges to those already
challenged by some developmental or other factor. For instance, Berger suggests, “Play
areas and settings should include relatively quiet and intimate areas, so that the child
with a hearing loss is not disadvantaged, and soundproofing should minimize outside
and inside background noises” (Berger, 2001, p. 151). Additionally, the enriched
environment needs to evoke engaged participation from children who use it.
Learning is now seen as an active participation of the learner with the
environment. This conception of learning has elevated experience (as distinct
from codified information contained in books) to a more important place in the
effort to educate. Museums focus on the “stuff’ of the world. They specialize
in the objects representing both culture and nature and, therefore, become
central to any educational effort when the focus shifts from the written word to
learners’ active participation through interaction with objects. (Hein, 1998, p. 6)
It is also worth mentioning that, while fantasy and whimsy inflect many CM
environs, facticity takes primacy; the real world is the grounding construct, providing
both “ . . . environmental opportunities and the demands of real-time action . . . “ (Clark,
1998, p. 123). Within this frame of reference, the child is seen as an active collaborator
with her surroundings, with her experiences in the real world the informing guide and
real-life, real-time dimensions the primary parameters supporting her ongoing learning.
Practical situations, which are the ones that correspond most to children’s
natural activity, are not only sufficient, but are also the best kinds of learning
situations. In the course of trying to solve practical problems, children spend
time reorganizing their levels of understanding; in real situations, children
develop multiple access routes to their knowledge. (Duckworth, 1987, p. 49)
This inextricable intertwining of individual and context was clearly delimited by
Piaget more than seventy-five years ago. In The child’s conception of the world, first
published in English in 1929, Piaget addressed this interaccommodation as follows:
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According to all the evidence it is impossible in any biological reaction
whatsoever to separate the organism from its environment. The intellectual
adaptation and the motor adaptation from which the former is derived are no
exception to this rule. Reality is a complex system of exchanges and
complementary currents, the first determined by the assimilation of things to the
organism and the second by the adaptation of the organism to the facts of the
environment.. .. Perception is situated in the object as much as in the brain,
since there is a perfect continuity between the impulse in the brain and the
movements of the object. There is thus in the beginning neither self nor external
world but a continuum. The social factors also tend to the same result; from its
earliest activities the baby is brought up in a social atmosphere, in the sense that
its parents, especially the mother, intervene in all its actions (feeding, suckling,
gripping objects, language) and in all its affections. Thus according to this point
of view every action is part of a context, so that the consciousness of self does
not accompany the child’s early movements in any innate manner but is only
gradually revealed as a function of the contacts experienced with the behaviour
[sic] of others. Thus both the social and the biological factors combine at the
beginning of the mental life to ensure an absence of differentiation between the
world and the self.. . (Piaget, 1929/1951, pp. 235-236)
The utility of such context-dependent learning in children’s museums is
emphasized in a study focused entirely on such child-museum interactions:
Importantly, the contextualized nature of information learning in the museum
can be contrasted with information learning in school which is often
decontextualized and teacher-initiated. In the museum children tended to learn
facts as they carried out or pretended to carry out activities . . . and the learning
was generally child-initiated. (Puchner, Rapoport, & Gaskins, 2001, p. 19)
Constructivism
Constructivism is a fundamental theoretical perspective informing CM praxis. I
am using constructivism as the logical as well as the rhetorical device for recombining
the social and the physical environments that I earlier parsed one from the other for the
purpose of pointing up their distinct characteristics. In practice, those categorical
distinctions tend to blend into the synthesized context which provokes learning, and the
overarching constructivist theory of learning and epistemology subsumes both the social
and the physical (the underlying Piagetian and Vygotskian versions of constructivist
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learning will be unpacked in Chapter 2). “It is no linguistic accident that ‘building,’
‘construction,’ ‘work,’ designate both a process and its finished product. Without the
meaning of the verb that of the noun remains blank” (Dewey, 1934, p. 51). Hein
provides further comprehensive summarization of several core constructivist attributes:
[Constructivism] describes education theory that postulates that learning
requires active participation of the learner in both the way that the mind is
employed and in the product of the activity, the knowledge that is acquired. . . .
Constructivist learning situations require two separate components, first a
recognition that in order to learn the active participation of the learner is
required. Therefore, the constructivist classroom or exhibition includes ways for
learners to use both their hands and minds, to interact with the world, to
manipulate it, to reach conclusions, experiment, and increase their
understanding; that is, their ability to make generalizations about the phenomena
with which they engage. Experiments are crucial for constructivist learning,
whether in science or other subjects. An experiment, as distinct from a
demonstration, is a situation in which a range of results are [sic] possible and
acceptable.
Second, constructivist education requires that the conclusions reached by the
learner are not validated by whether or not they conform to some external
standard of truth, but whether they “make sense” within the constructed reality
of the learner. The validity of ideas according to constructivists does not depend
on their match to some objective truth, which has an existence separate from any
learner or group of learners. Rather, validity arises from the value of the
concepts leading to action (use) and in the consistency of the ideas one with
another. Thus, while traditional educators talk about learners’ misconceptions,
constructivists will talk only about naive, personal, or private conceptions.
In the constructivist vocabulary, “mistake” and “error” are terms reserved for
conclusions that don’t correspond to the evidence at hand, that differ from what
a learner might reasonably conclude from all the information available to her at
the time she reaches that conclusion. This is different from judging an answer
with reference to an external standard of truth based on the structure of a
subject. (Hein, 1998, p. 34; citations deleted)
This view of a learner-driven impetus toward reevaluating input stimuli based
on evolving internal representations of schema for considerations apt for that type of
stimuli leads to the current articulation of constructivism as an active process of learner
engagement with the inherently complex, multivalent nature of inputs per se.
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Rather than behaviors or skills as the goal of instruction, cognitive development
and deep understanding are the foci (of constructivism); rather than stages being
the result of maturation, they are understood as constructions of active learner
reorganization. Rather than viewing learning as a linear process, it is
understood to be complex and fundamentally nonlinear in nature.
Constructivism, as a psychological theory, stems from the burgeoning field of
cognitive science, particularly the later work of Jean Piaget just prior to his
death in 1980, the sociohistorical work of Lev Vygotsky and his followers, and
the work of Jerome Bruner, Howard Gardner, and Nelson Goodman, among
others who have studied the role of representation in learning. (Fosnot & Perry,
2005, pp. 10-11)
This constructivist methodology, in addition, privileges the inquiry-based or
discovery-centered approaches to learning which also are considered emblematic of
CMs. Inquiry is based on questioning; questions are lexicographically based on quest,
or a goal-directed search, in this case one for increased comprehension. “Our minds are
much more powerful when discovering than memorizing, not least of all because
discovering is more fun” (Holt, 1989, p. 53). It is of interest that inquiry-based learning
has become much more acceptable to the broader educational field over the past decade.
As an instance, the Massachusetts Curriculum Frameworks now incorporate inquiry as a
required strand of each of the topic areas covered; this was not the case in the initial
published versions of these documents, dating from 1996.
An assumption of and trust in children’s competence provides another core
sensibility informing children’s museum praxis. The operative institutional approach is
to start with an image of the child as strong, rich, creative and capable. This perspective
of acceptance and optimism, it seems to me, also positively impacts the tacit way in
which, at the same time, CMs support children’s unrealistic optimism. I note that a
methodological given is that there is no valid pedagogical reason, at this point in
children’s developmental trajectory, to introduce more “realistic” (e.g., competency-
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critiquing) viewpoints—they will in most instances soon enough be more than
sufficiently self-critical.13 Rather, CMs provoke ever-more-elaborated self-talk
supporting that ineffable sense of agency and efficacy, of being able to do anything, to
understand anything, to know everything worth knowing even with no sense of how that
knowing might have emerged or arisen. Such optimism deserves the utmost respect.
Children are not only objects of study, they are also, with us, members of what
Kant called “the kingdom of ends.” It is all right to be curious about them, and
we should certainly feel responsibility for their education and welfare; but,
above all, we owe them respect. (Matthews, 1994, p. 27)
CMs provide a different idea of structure than do schools. Absent a
helicoptering parent/caregiver (e.g., the one always compulsively regulating the child’s
actions and action sequences), these spaces afford children the luxury or expansiveness
of unbounded time, which the child, interest-driven, can frame. The working
assumption is patently not that children require constant motivational impetus, with
corresponding monitoring; it is instead held as a given that children (barring cognitive
challenges, developmental delays, or psychological burdens, including those of
inadequate or inappropriate adult care) will maximize the available options. They will
successfully fill up their time with activities relevant to their current mode and expanse
of focus. This is not to suggest that sensitive caregivers won’t have many opportunities
to scaffold children’s skill sets, domains of awareness or understanding, or lensing of
possible spectra of opportunities and options. Erikson’s compelling point that children
may often benefit from insightful but gentle pushes in appropriate new directions is
utterly apt here. Still, the standpoint is that the environment’s riches provide the
primary provocation towards engaged, inspired, and self-directed involvement.
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A subtext of this positing of an unusually supportive domain is that it is
enhanced by the generally loosely-directive and often utterly non-prescriptive nature of
these institutions and their milieu or gestalt. Unlike most explicitly didactic domains,
children’s museums typically have no teacher regulating children’s processing of
information. Consequently, they allow a certain luxury of solo cognition, of selfregulated considerations of the situation to hand (and, at least ideally, reflective
evaluations of recent thought-action cycles in which the child has immersed herself).
Such self-regulation is absolutely predicate to elaboration of self-efficacious qualities in
particular situations (which are in turn requisite to more generalized capacities of
efficacy, i.e., transferability across situations and domains). The circumstantial
expansiveness, the autonomy of action potential granted the child, lets her then talk
herself through situations that ordinarily would most often be getting talked through for
her by the pedagogically-cueing adult (albeit with the best of intentions). As Piaget
importantly pointed out, we do children no service when we tell them the answers to all
their questions, since in so doing we have removed their intentionality to arrive at such
answers on their own, in their own time, by their own means, naive or not.
Recent bodies of developmental research . .. found that most of . . . children’s
private speech (speech not addressed to some other listener) seemed keyed to the
direction and control of the child’s own actions, and that the incidence of such
speech increased when the child was alone and trying to perform some difficult
task. ... It was found that the children who made the greatest number of selfdirected comments were the ones who subsequently mastered the tasks best. ...
Self-directed speech (be it vocal or silent inner rehearsal) is a crucial cognitive
tool that allows us to highlight the most puzzling features of new situations and
to better direct and control our own problem-solving actions. (Clark, p. 195;
citations deleted)
This passage extends my previous point, that providing a non-prescriptive
context in which children can move through both their own action sequences and then
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through whatever consideration sequences relative to those prior actions they find
necessary and sufficient, is of high utility in terms of both cognition and efficacy. The
children’s museum context is one in which vocal self-directed speech is commonplace;
Clark’s points highlight the educative value of such accepting, thus scaffolding,
surroundings.
Overall, then, children’s museum practitioners typically operate with the
positive bias that children have a virtually unerring ability to cut through the clutter and
chatter and get to the heart of the matter at hand. There is, nonetheless, the factor of
children’s naive assumptions to be considered; this issue, extensively considered in
ATCE planning efforts, will be further considered in Chapter 2.
Children’s museums’ attributes
I will now narrow the subject focus to suggest a set of limiting-case CM
attributes. I hold that there are at minimum six distinguishing characteristics of
children’s museums (I am not, of course, presupposing that this is an exhaustive list).
While none is exclusively the provenance of CMs, and perhaps other pedagogical
institutions even occasionally display them in aggregate, I have found that their
inclusion is without exception here. Three of these may be considered inputs from the
museum context; the other three may be viewed as outputs, impacting visitors based on
their museum experience. I believe that each is necessary for the expression of the full
and rich complement of attributes of a successful children’s museum and, more
narrowly and to the point of this dissertation and its topic, of a successful children’s
museum exhibit. The set of aspects inherent to my schema are play, scaffolding,
affordances, agency, efficacy, and creativity.
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A.

B.

Institutional attributes
1.

CMs support child-determined constructivist play

2.

CMs provide cognitive scaffolding by means of environmental elements

3.

CMs provoke comprehension of affordances (e.g., properties of things)

Developmental outcomes
4.

CMs encourage agency (the action or means by which something is done)

5.

CMs privilege efficacy (the ability to produce desired results)

6.

CMs bolster creativity

Of course, since children’s museums are, most importantly, pedagogical institutions,
each aspect in my descriptive schema is directed to the supporting of learning. The
immediately following passages will unpack essential ways in which this happens,
beginning with the three institutional inputs, of which play is primary.
Play
“A spirit of playfulness wins half the battle, and that above all needs our support.”
Hawkins14

While the majority of my review of the literature centered on play theory will be
presented in Chapter 2,1 will provide a cursory overview here, since the topic is
particularly salient to a full understanding of the nature, structure, and function of
children’s museums. Play theory is a dimension of research which has long been fully
woven into children’s museum sensibilities and rationale. While play has been the
touchstone of the field’s approach since the very beginning, the major expansion in
substantive research on the subject, particularly since Huizinga’s seminal Homo ludens:
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A study of the play element in culture was published in 1950, has rendered more
authoritative the stance, previously supported primarily intuitively, that play is
developmentally of great importance. One of the last of the grand theoreticians in the
social sciences, Huizinga framed his arguments in poetic prose and unabashedly
grandiloquent assertions: “Play is older and more original than civilization” (p. 75);
“The eternal gulf between being and idea can only be bridged by the rainbow of
imagination” (p. 133); “Poetry must be exorbitant” (p. 142). By his own admission,
Huizinga’s sense of the status, role, and function of play is very high-flown indeed; in
his forward, he writes, “For many years the conviction has grown upon me that
civilization arises and unfolds in and as play.” In somewhat more tempered phrasing,
he also states, “Were I compelled to put my argument tersely in the form of theses, one
of them would be that anthropology and its sister sciences have so far laid too little
stress on the concept of play and on the supreme importance to civilization of the playfactor.” He also presents his work with the charmingly self-deprecatory caveat,
The reader of these pages should not look for detailed documentation of
every word. In treating of the general problems of culture one is constantly
obliged to undertake predatory incursions into provinces not sufficiently
explored by the raider himself. To fill in all the gaps in my knowledge
beforehand was out of the question for me. I had to write now, or not at all.
And I wanted to write. (Huizinga, 1950, forward)
I would hope that the reader of this dissertation will consider it, too, to have been
crafted in that creative spirit of wanting to write now, rather than not at all.
A contemporary play theorist whose work is particularly insightful and broad¬
ranging, and often cited in writings emerging from the children’s museum field, is Brian
Sutton-Smith, perhaps best known for his 1997 book The Ambiguity of Play. I will cite
a number of the innumerable important insights he articulates in that work which
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resonate particularly emphatically with the parameters and intentionalities of children’s
museums’ explicit and tacit reliance on play-centered learning.
One of the particularly useful attributes of Sutton-Smith’s work is his
presentation of quite exhaustive taxonomies and typologies of ways of thinking about
play and its possible causes and effects. An extended, because particularly elaborated
and comprehensive, instance of this follows:
[There are] theories that say child play is a form of intrinsic motivation,
attention to means rather than ends; it is organism dominated, noninstrumental,
and free from externally imposed rules. Somewhat similar are the definitions of
play as existing for the generation of positive emotional states, to modulate
arousal levels, and to effect metabolic restoration. These definitions are not
primarily concerned with the kinds of adaptation that are central to progress.
There is not necessarily any contradiction between assuming that players play
for intrinsic personal motivational reasons and that the effects of such play are
useful for the extrinsics of other kinds of adaptation. Fagan’s review of the play
definitions of thirty-seven play authors shows much the same division between
progress and self criteria.
However, extrinsic academic, social, moral, physical, and cognitive play
functions, with a progress-oriented thrust, have been the major focus of most
child play scientists seeking to demonstrate that play is the practice of real-life
adaptive skills for survival (the biological emphasis); that it can ensure feelings
of mastery and competence through conflict resolution and compensatory
activity (the psychogenic emphasis); and, more recently, that it can develop
skills for cognition and education (the cognitive emphasis). More specifically it
has been said that play recapitulates and is a catharsis for the past history of the
species and culture; that play is an imitation of adult activities; that play is a
preparation for the future; that it is a form of learning or socialization, and that it
proceeds through a series of developmental stages and generates mastery and
feelings of competence; that it mirrors and consolidates the development of
cognitive stages; that it anticipates the development of cognition; that it is an
intermediary and transitional cathexis between developmental stages; that it has
a complementary relationship to exploration; that sociodramatic play is
advantageous to education; and that there are parallels with animal behavior in
play’s preparatory, rough-and-tumble, bonding, flexible, and aesthetic functions.
While these various theories disagree about the specific kinds of development
that are instigated by play, they all assume that play does indeed transfer to
some other kinds of progress that are not in themselves forms of play. (SuttonSmith, 1997, pp. 50-51; citations deleted)
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An aspect of play that has particularly potent connectivity to the children’s
museum world is the issue of entry into play or continuity of play experiences. SuttonSmith notes that, “Social play has to be both innovative and ritualistic to survive
(ibid, p. 169). The former attribute is readily evident in CMs, the latter rather less so,
since, in very many interactive situations in these venues, co-players are unfamiliar to
one another, so precursor instances of play which provide a referential template for
subsequent interactions do not exist. In a sense, museums rely on the richness of their
environment to compensate for that structural deficit. “Children don’t want to have to
invent their play life from scratch every day, and they probably need the ritual as a kind
of time and behavior marker that allows new freedoms for their fantasy life” (ibid, p.
170). Edward Hall has pointed out that, “Environments are not behaviorally neutral”
(Hall, 1976, p. 96). This seems to me the connecting concept here—the charged, rather
firmly cueing quality of an exhibit environment may be the moderately novel attribute
that permits children, strangers to one another or to the exhibit, to have a baseline of
sensibility as to what to do and how to act in relation both to other children and to the
affordances of the particular situational context. An allusive and poetic framing comes
from Dorothy Singer during an address she presented at the international Playing for
Keeps conference at Yale University, “Play is practice in creative outcomes”
(personal notes, 14 March 2003).
Sutton-Smith also draws an interesting interpretation about play’s potential
utility by connecting it to the brain-based work being done using brain imaging
technology. (The selected passage also augments my contention, above, concerning the
utility of undue optimism as a developmentally-enhancing attribute).
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The key discovery in brain imaging technology, as it relates to the play
rhetorics, is that in the neonatal stage, by eight months of age, the infant makes
1,000 trillion synaptic connections, but after that period the synapses attenuate if
they are not actually used. By ten years of age, a child typically has only about
500 million connections. Thus the neonate has twice [sic] as many brain
connections as the grown human being. It is theorized that this is to ensure
enough “extra wiring” for adaptation to any kind of environment in which the
child is reared. The infant brain’s ability to constantly undergo physical and
chemical changes as it responds to the environment is taken to suggest enormous
plasticity. ... We could say that just as the brain begins in a state of high
potentiality, so does play. The brain has these connections, but unless they are
actualized in behavior, most of them will die off. Likewise in play, even when
novel connections are actualized, they are still not, at first, the same as everyday
reality. Actions do not become everyday reality until there is a rhetoric or
practice that accounts for their use and value. Play’s function in the early stages
of development, therefore, may be to assist the actualization of brain potential
without as yet any larger commitment to reality. In this case, its function would
be to save, in both brain and behavior, more of the variability that is potentially
there than would otherwise be saved if there were no play.. . . One can draw
other lessons about the neonatal and early childhood character of human
flexibility by looking at some of the cognitive work on early childhood
potential. Bjorkland and Green have described the key neonatal cognitive
characteristics of children, up to age five years, as those of unrealistic optimism,
egocentricity, and reactivity. Children up until about five years of age
overestimate their ability to function skillfully, despite continued negative feed
back [sic]. Furthermore they tend, as Piaget has said, to see things rather
selectively, from their own perspective. And they are highly reactive to
whatever stimuli are placed before them, regardless of the relevance of those
stimuli to whatever else is going on, a characteristic that Heinz Werner spoke of
as their lability. Here again I might argue that their persistence in the face of
negative feedback, their persistence with their own concerns, and their reactivity
to whatever comes their way could all contribute to the actualization of those
potential neural connections. Further, while these neonatal characteristics are
general in childhood, it is not hard to insist that they are especially well
epitomized by play. Indeed play may be the best exemplar of such
characteristics and therefore the best carrier of them and of flexibility. (Op cit,
pp. 225-227; citations deleted).
Sutton-Smith’s expansively rendered interpretations are synthesized into
frameworks particularly supportive of creative or inventive outcomes by the RootBemsteins—viz.,
Play returns us to the presymbolic drives of gut feelings, emotions, intuition, and
fun from which creative insights stem, thereby making us inventors. When rule-
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bound work does not yield the insights or results we want to achieve, when
conventional thought, behavior, and disciplinary knowledge become barriers to
our goals, play provides a fun and risk-free means of seeing from a fresh
perspective, learning without constraint, exploring without fear. Play transforms
knowledge and builds understanding as we create our own worlds, personas,
games, rules, toys, and puzzles—and through them new sciences and new arts.
(Root-Bemstein & Root-Bemstein, 1999, p. 267)
Another interpretation of play and its utility, which encodes the point I most
wish to emphasize, that of the validity and even necessity of its remaining open-ended
and child-directed rather than caregiver-generated, comes from the cultural
anthropologist Edward Hall, with whom I had the privilege of speaking at the 1998
ACM conference.
The failure to understand the significance of play in maturing human beings
has had incalculable consequences, because it is not only crucial to learning but
(unlike other drives) is its own reward. Following from this, one would assume
that one of the greatest faults in modem education is overstructuring, which does
not allow for play at every point in the educational process. (Hall, 1976, p. 204)
Scaffolding environment
The effective prepared environment is more than simply engaging—it is
profoundly scaffolding of children’s understanding, the second institutional attribute of
my descriptive schema. “Many technologies function as scaffolds and tools to help
students solve problems” (Bransford, Brown, & Cocking, 2000, p. 213). In this
instance, the museum environment serves as the presumptive scaffolding system; in fact,
at its most efficacious, the exhibitry can provide multiple layers of such scaffolding.
First, it can cue the child as to appropriate ways to make use of it by virtue of its design
and layout; second, it can cue the caregiver as to possible ways to think about what the
child in their care might be getting out of their interactions with the exhibit, what she or
he might be learning or finding worth investigating that might not be intuitively evident
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to even the most attentive and supportive adult without training in child development;
finally, it can cue the child-caregiver dyad by suggesting ways for the adult to scaffold
the child’s actions based on their deep personal insight into and understanding of their
child’s developmental level as it links with the child’s current interests and baseline
competencies.
I have seen each of these dimensions of support operating effectively,
transparently, and yet non-intrusively in dozens of children’s museums around the
United States. Such nuanced guidance may be exclusively the result of ingenious
configuration and juxtaposition of exhibit elements; more often, it is augmented by
suggestive (and respectful, culturally-deferential, and non-prescriptive, non-judgmental)
referential accompanying signage, photographs, and occasionally even video loops or
DVD clips which show children in the exhibit or in comparable environments, with
commentary explaining some of the actions and the resultant learning taking place.15
“ .. . the environment itself helps to orchestrate the behavior” (Clark, 1998, p.
43). In fact, I am going to cite Clark at some length, since I find that his nuanced
interpretation of the potency and potential of powerful scaffolding environments
provides lucid explication of the underlying causal factors rendering CM physical and
social contexts so dynamic and so generative of expansive learning. He first limns the
issue broadly:
We have called an action “scaffolded” to the extent that it relies on some kind of
external support. Such support could come from the use of tools or from
exploitation of the knowledge and skills of others; that is to say, scaffolding (as I
shall use the term) denotes a broad class of physical, cognitive, and social
augmentations—augmentations that allow us to achieve some goal that would
otherwise be beyond us. (Clark, pp. 194-195; citation deleted)
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He then goes on to refine the categorical set more specifically; it is his inclusion
of the physical environment within the domain of scaffolding agents that is most
relevant here.
The developmental problems that face each child are thus different, since
children’s intrinsic dynamics differ. What is common is the higher-level
problem of harnessing these individual dynamics so as to achieve some goal,
such as reaching. The job of the CNS [central nervous system], over
developmental time, is not to bring the body increasingly “into line” so that it
can carry out detailed internally represented commands directly specifying, e.g.,
arm trajectories. Rather, the job is to learn to modulate parameters (such as
stiffness) which will then interact with intrinsic bodily and environmental
constraints so as to yield desired outcomes. In sum, the task is to learn how to
soft-assemble adaptive behaviors in ways that respond to local context and
exploit intrinsic dynamics. Mind, body, and world thus emerge as equal
partners in the construction of robust, flexible behaviors. . . . [W]e may often
solve problems by “piggy-backing” on reliable environmental properties. This
exploitation of external structure is what I mean by the term scaffolding.
The idea of scaffolding has its roots in the work of the Soviet psychologist
Lev Vygotsky. Vygotsky stressed the way in which experience with external
structures (including linguistic ones, such as words and sentences . . .) might
alter and inform an individual’s intrinsic modes of processing and
understanding. The tradition that ensued included the notion of a zone of
proximal development—the idea being that adult help, provided at crucial
developmental moments, would give the child experience of successful action
which the child alone could not produce. Providing support for the first few
faltering steps of a near-walker and supporting a baby in water to allow
swimming movements would be cases in point.
The intuitive notion of scaffolding is broader, however, since it can
encompass all kinds of external aid and support whether provided by adults or
by the inanimate environment. . . . The point, for present purposes, is that
environmental structures, just like the elasticity of muscles, form a backdrop
relative to which the individual computational problems facing the child take
shape. (Clark, 1996, pp. 45-46; emphasis added)
I, in turn, will use the concept of scaffolding in a definitional sense closely
parallel to the expansive, environmentally-encompassing way in which Clark has
framed it.
Most of these strategies [to induce global coherence] involve the use of some
type of external structure or “scaffolding” to mold and orchestrate behavior.
Obvious contenders are the immediate physical environment. . . and our ability
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to actively restructure that environment so as to better support and extend our
natural problem-solving abilities. These strategies are especially evident in
child development. Less obvious but crucially important factors include the
constraining presence of public language, culture, and institutions, the inner
economy of emotional response, and the various phenomena relating to group or
collective intelligence. Language and culture, in particular, emerge as advanced
species of external scaffolding “designed” to squeeze maximum coherence and
utility from fundamentally short-sighted, special-purpose, internally fragmented
minds. (Clark, 1998, p. 33)

Affordances
Clark’s work has provided two key validators for me in my global thinking
about children’s museums as highly targeted pedagogic settings. First, as discussed
above, his perspective gives point to my construct that scaffolding can effectively be
provided by environmental attributes rather than exclusively by other (living)
socializing agents, as is assumed in the typically—and, I might add, unduly—
constrained interpretation of Vygotskian social cognitive support. Second, his
interpretation of Gibson’s important concept of environmentally-presented affordances
provides requisite, indeed exquisite, significant support for my premise as to how the
providing of such affordances is a crucial, albeit typically non-explicit, i.e., tacit,
characteristic of the children’s museum milieu.
Inner states (are) “action-centered”—a theme [the psychologist James] Gibson
pursues by depicting organisms as keyed to detecting “affordances” in the distal
environment. Such affordances are nothing more than the possibilities for use,
intervention, and action offered by the local environment to a specific type of
embodied agent. For example, a human perceives a chair as “affording sitting,”
but the affordances presented by a chair to a hamster would be radically
different. (Clark, 1998, p. 50)
Affordances are properties, if you will—but properties which are self-evident,
intuitively accessible to even extremely young children, interpretively transparent.
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CMs provide affordances through provision of contexts in which children can devise
and elaborate upon self-initiated strategies for successful action-centered negotiating of
new or complex—yet fully lucid—scenarios, challenges, opportunities, puzzles, or
problems.
[The organism’s internal representation system of] early encodings are already
geared toward the production of appropriate action. This type of action-oriented
bias may be at least part of what Gibson was getting at with ... (his) talk of
organisms as “directly perceiving” the world in terms of its affordances for
action. Perception, it seems, should not (or, at least, should not always) be
conceptualized independently of thinking about the class of actions which the
creature [e.g., the child, in this instance] needs to perform. (Clark, 1998, p. 152)
Clark amplifies this explication of attributes inhering to scaffolding
environments through a discussion of the whole-body intelligence accessed by that
responsive set of surroundings, and the subsequent impact that dimension of
intelligence may effect upon the environs, in ongoing iterative spirals which constitutes
organic feedback-feedforward loopings.
Heidegger wrote of the importance of Dasein (being there)—a mode of beingin-the-world in which we are not detached, passive observers but active
participants—and stressed the way our practical dealings with the world
(hammering nails, opening doors, and so on) do not involve detached
representings (e.g., of the hammer as a rigid object of a certain weight and
shape) so much as functional couplings. We use the hammer to drive in the nail,
and it is this kind of skilled practical engagement with the world that is, for
Heidegger, at the heart of all thought and intentionality. A key notion in this
analysis is the idea of equipment—the stuff that surrounds us and figures in the
multiple skilled activities underlying our everyday abilities to cope and succeed.
.. . [Akin] in spirit and execution to the present project is the work of the
phenomenologist Maurice Merleau-Ponty, who was concerned to depict
everyday intelligent activity as the playing out of whole organism-body-world
synergies. In particular, Merleau-Ponty stressed the importance of what I have
called “continuous reciprocal causation”—viz., the idea that we must go beyond
the passive image of the organism perceiving the world and recognize the way
our actions may be continuously responsive to worldly events which are at the
same time being continuously responsive to our actions. . . . Moreover, MerleauPonty also stresses the way perception is geared to the control of real-time, realworld behavior. In this respect, he discovers something very like the Gibsonian
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notion of an affordance—a notion which, in turn, is the direct inspiration of the
idea of action-oriented internal representations.... An affordance is an
opportunity for use or interaction which some object or state of affairs presents
to a certain kind of agent. For example, to a human a chair affords sitting, but to
a woodpecker it may afford something quite different.
Gibson’s special concern was with the way visual perception might be tuned
to invariant features presented in the incoming light signal in ways that directly
selected classes of possible actions—for example, the way patterns of light
might specify a flat plane affording human walking. (Clark, 1998, pp. 171-172;
citations deleted)
It is worth noting that a plethora of affordances in no way negates the
constructivist core premise: children actively fit new information they have gleaned
from the novel affordances encountered in the learning environment into their evolving
constellations of understanding of the ways in which the world works. The CM
approach simply provokes a more elaborated array of constructivist opportunities by
providing a highly enriched dynamic panoply of affordance-evocative objects,
scenarios, and situations.

Agency
I will proceed now to consider the triad of related developmental outputs in my
descriptive taxonomy, of which agency (actions which accomplish something) is the
first. I believe that choice makes agency possible, even probable; alternately, the
opportunity for choice renders choice-making (autonomous self-regulated activity)
predictable. “Knowing that one can exercise choice in shaping and reshaping one’s
intellectual identity may be the most empowering idea one can ever achieve” (Papert,
1993, p. 123). Choice—the opportunity for visitors to self-select from among a
wonderful array of engaging alternatives as to what action (or reflection) in which to
become involved—has been a hallmark of all good children’s museums since their
inception, and is, on my view, becoming more expansive as the field advances.
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In our opinion, no group of museums better embodies the celebration of choice
and control than children’s museums. Children’s museums allow children,
particularly young children, an unrivaled opportunity to navigate through a
world made to their specifications, in which they have the opportunity to choose
what, when, and how to learn. Perhaps most important, they place the young
child in a position to be much more in control. (Falk & Dierking, 2000, p. 185)
One of the things that one immediately notices upon entering the typical
children’s museum is the scale of the furnishings and exhibitions. Children are
running, climbing, and sitting everywhere, and everything is built to their
dimensions. It is a world designed to fit the small of frame, the small of hand.
And despite the apparent pandemonium, there is no sense of danger in the air.
Despite the considerable exuberance of lots of young children, it is apparent that
great thought has gone into the design of the space to ensure that the museum is
a safe place in which to play and learn. It is not only adults who pick up on
these vibes; so do children. Watching children enter the space, particularly for
the first time, one is struck by the recognition that comes over their face when
they realize that this place was built for them. This whole amazing place, just
for them! This feeling creeps into the children’s very being, the sense of
ownership and empowerment that comes from being in a place, unlike anywhere
else in their world, that is exclusively designed for them. Preschools and
elementary schools have scaled furniture, but clearly those are not places where
children feel in control. Many children come from homes where, even if they do
not have their own room, they have their own toys and perhaps a special chair,
but few children believe that their home environment is designed totally and
exclusively for them. For better or worse, children live in an adult-centered
world. When they enter a magical world where this is not the case, it is a truly
energizing experience. (Ibid, p. 186)
When I read this passage, it made me recall the response of a six-year-old son of
friends of mine when he entered the Children’s Museum at Holyoke with us for the first
time. Sasha’s immediate, unsolicited, and delighted comment was, “This place is a
child’s dream come trueV’
Children love to dress up, they love to role-play and pretend, they love to build,
they love to climb and explore. Children’s Museums provide opportunities for
children not only to choose between all these sensory and intellectual treats but
also to decide which aspects they will engage in. They have permission to start
what they want and stop when they want. In the “real” world, other people are
always telling them what to do and when to do it. In the children’s-museum
world, they are in charge. In fact, they are even in charge of their adult
companions. In the real world, adults tell children what and how to do this and
when to do that. In the children’s museums, roles are frequently reversed, and
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children tell adults how to do this and when to do that. What an amazing
experience! Imagine being five years old and for this brief moment being in
charge of your parents! It is a truly memorable and thrilling experience.
Perhaps it is one of the reasons that there is one thing that immediately strikes
one upon entering a typical children’s museum—the ever present feeling of
childlike glee that hangs in the air. All of us in the museum world have much to
learn from children’s museums, perhaps most notably a willingness to let the
learners have more autonomy and control over their own learning, to let them be
in charge. ... this does not preclude efforts to encourage collaborative learning
between adults and children in children’s museums; however, it does mean that
any efforts designed to facilitate collaborative learning should still allow the
child considerable autonomy and, hopefully, the opportunity to be the facilitator.
(Falk & Dierking, 2000, pp. 186-187)
This capacity for agency, which may also be framed in Bruner’s (1990) alternate
term agentivity, is enhanced in CM contexts through ready, consistent, and threat-free
access to child-manipulable and child-manageable action potentials inhering to
engaging artifacts and/or phenomena. McNiff and Whitehead (p. 31) note rhetorically,
“If all people have agency, they can, and should, think for themselves and make
decisions.”
Seeing even the infant and the preschooler as active agents bent on mastery of a
particular form of life, on developing a way of being in the world, demands a
rethinking of the entire educational process. It is not so much a matter of
providing something the child hasn’t got as enabling something the child already
has: the desire to make sense of self and others, the drive to understand what the
devil is going on. (Geertz, 2000, p. 192)

Efficacy
Efficacy—a related behavioral outcome with profound long-term implications
for individual development—may be provoked by extensive provision of open-ended
opportunities which, particularly in circumstances characterized by moderate novelty,
enable the child to actively, safely, and autonomously investigate available elements.
Effectively limitless access to equipment and situations which are responsive to input
(sometimes surprisingly, sometimes amusingly, sometimes even mysteriously, but
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responsive nonetheless) is a necessary, albeit not sufficient, environmental factor for the
instigation of efficacy. Object-focused, experientially- and experimentally-informed
opportunities suggested by an inherently engaging environment make the actor’s
efficacy a predictable outcome. As Howard Gardner (1993, p. 121) points out, “It is in
rich, situation-specific contexts that intelligences are typically and productively
deployed.” My observation is that the rich, situation-specific environs of CMs address
both expressive and instrumental needs of children; that is, emotional and social
requirements are served in tandem with physical (agentive or causal) expectations.
It is often said that a good exhibition .. . can be understood at many different
levels and from many different perspectives. By this is meant that the learner
can engage via many entry points, and can be challenged at a variety of different
skill levels. Thus, engagement, a flow experience, can result because there is
sufficient depth to permit appropriate levels of challenge for a wide variety of
users. In free-choice learning situations, the learner can self-select the challenge
they wish, rather than having it imposed upon them. This element of control
emerges as another fundamental component of motivation. (Falk and Dierking,
2002, p. 17)
The prepared environment is a given here; perhaps more developmentally
relevant or robust is the privileging of what I would term the responsive environment,
by which I mean an iteratively interaccommodative set and setting. Such a set may be
comprised of elements, structures, details, devices, systems, etc.; each of these,
individually and, it is hoped, at least occasionally in concert, provides the investigating
child with appropriately-modulated feedback, as well as with opportunities for
feedforward. These recursive loopings of experience, of action-reaction cycles
predicated upon the child’s agency, are the substrate upon which that child’s selfefficacy'6 can be constructed, perhaps incrementally, perhaps globally. The best of
these provisions, or sets of provisions, is nuanced in attribute constellation; that is,
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sufficiently fine-grained so as to provide an absolutely satisfying, idiosyncratic
interactive experience for the experimenting child, yet likewise coarse-grained enough
to afford multiple entree opportunities and accessing multiple modalities, for children
across a spectrum of developmental capacities and concomitant interests to be drawn in
and allowed agency.
For instance, the large, non-toxic-stain-colored wooden bead or block, of choketester-validated diameter, may be contentedly chewed by an infant, rolled or tapped by a
toddler, floated across a pool by a three-year-old, connected in to a sculpture by a child
of four, and used as a game piece by a kindergarten-aged child. Such affordances are
neither exclusive nor exhaustive; there are always additional qualities inhering to any
particular object that remain to be discovered, serendipitously invented by the creative
participant. Hiss has crafted a phrase which encodes nicely this set of sensibilities visa-vis opportunities; he calls it “the enabling environment” (Hiss, 1990, p. 185), which
allows the engendering and supporting of autonomous or self-regulated learners.

Creativity
CMs privilege creativity and validate enterprise. A correlate is the way in which
they support imagination in its many manifestations. They encourage creativity by the
very open-endedness of their gestalts. Unfettered experimentation supports, “ ... the
active understanding that is at the heart of creativity” (Root-Bemstein & RootBemstein, p. 313). “I should much rather have a messy intuitive understanding of
something that I have not been able to formulate in a crisp proposition than have a crisp,
clean proposition without an intuition to back it” (Papert, 2003, p. 107). Geertz (2000,
p. 197) uses the same evocative adjective in referring to a subtext of creativity, “ ... the
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messiness of meaning making . . . “ which serves nicely as a transition to the concluding
passages of this section of Chapter 1.

Meaning-making
“The overwhelming need of learners is for meaningfulness” (Caine & Caine, p. 7).

Making meaning and making sense are inherent human proclivities. “Children
are bom passionately eager to make as much sense as they can of things around them”
(Holt, 1989, p. 95). The recognition of this reality, now becoming fully encoded in
current educational research (cf., e.g., Bransford, Brown, & Cocking, 2000, in toto), has
long been canonical in the children’s museum field. New research is making that
reality transparent and robust. “We are here to say undeniably that people do learn in
museums. They come to leam, to find meaning and connection, and they do leam,
make meaning, and find connection” (Falk & Dierking, 2000, p. xiii). These museums
provide, “ ... an education that is geared toward the fostering of understanding”
(Gardner, 1993, p. 160; emphasis in the original). In short, comprehension is key.
Standard rhetoric centers around meaning-making; I believe it’s imperative to
begin any assessment of learning, hence certainly prior to planning elements which
interconnectively enhance learning, at an even deeper or more basic, essential level,
namely making sense. (My aphoristic encapsulation of this approach to quality exhibit
development was formulated during the project, e.g., “It’s not just about making things,
it’s about making meaning through making sense”). These are rich environments, and
not just print-rich, as the current trend in early literacy has instructed, but
communication-rich, interpretation-rich, fraught with meaning across all domains and
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modalities of learning. The fact that authenticity is such a major aspect of the children’s
museum world makes such meaning-making more easily referenced, organically
integrated into the real, external world of which children already have a core working
knowledge, even though that knowledge may be constantly being reorganized.
Other research confirms that the search for meaning is at the heart of intrinsic
motivation and that much of the energy and drive to pursue goals and engage in
essential tasks comes from the search for meaning. The central thrust of
Piaget’s work, for instance, is that children are always engaged in the process of
making sense of things. “Like detectives, they investigate, reason, question,
fantasize, and experiment in an attempt to understand what people do and how
things work.” The philosopher Susan Langer “posited a basic and pervasive
human need to invent meanings and to invest meaning in one’s world. It was a
property of the human mind to search for and to find significance everywhere, to
transform experience constantly to uncover new meanings.” “The main
activities of the cognitive system are directed to making sense of and dealing
with the ongoing interactions between the individual and the world.” (Caine &
Caine, 1991, p. 93; citations deleted)
A point made in The scientist in the crib extends this notion of a basic human
drive into the realm of play, thus lending further credence to my assertions about play’s
utility.
. . . children need to figure out what’s going on around them—they have a kind
of explanatory drive. This drive pushes them to act in ways that will get them
the information they need; it leads them to explore and experiment. The
apparently pointless activities we call play often seem to be the result of this
drive. (Gopnik, Meltzoff, & Kuhl, 1999, p. 153)
This perspective also feeds forward into a clarifying explanation of
constructivism, in the view of elaborating and refining of schemas or cognitive
structures by the learner.
Humans seek coherence and meaning. They act on and within their
environments with strategies, or schemes, as they seek to make their world
similar and maintain their organization (their understanding of it). When
puzzled—when new problems emerge that contradict earlier notions, or when
new problems make earlier strategies insufficient (or at a minimum inefficient),
“bifurcations” result and new structures evolve. It is now commonly understood
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that human organisms act on their world, coupling with it, interpreting every
experience. They do not simply take in, or absorb, information. They interpret
it, organize it, and infer about it with the cognitive structures they have
previously constructed. (Fosnot, in Fosnot, 2005, p. 278)
“Knowledge-centered environments also include an emphasis on sense¬
making—on helping [children] become metacognitive by expecting new information to
make sense and asking for clarification when it doesn’t” (Bransford, Brown, &
Cocking, op cit., p. 137). It is appropriate to consider this striving towards meaning in
brain-based terms. While this powerfully generative contemporary research dimension
will be discussed at length in Chapter 2,1 will unpack it initially here because of its
connectivity to the making of meaning.
The brain learns because that is its job. Moreover, the brain has a virtually
inexhaustible capacity to learn. Each healthy human brain, irrespective of a
person’s age, sex, nationality, or cultural background, comes equipped with a set
of exceptional features:
• the ability to detect patterns and to make approximations
• phenomenal capacity for various types of memory
• the ability to self-correct and learn from experience by way of analysis of
external data and self-reflection, and
• an inexhaustible capacity to create (Caine & Caine, 1991, p. 3)
Caine and Caine then extend their argument from this pattern-seeking,
cybemetically-driven standpoint to a more pedagogically-inflected, contextually-cued
stance.
Brain research establishes and confirms that multiple complex and concrete
experiences are essential for meaningful learning and teaching. Optimizing the

use of the human brain means using the brain’s infinite capacity to make
connections—and understanding what conditions maximize this process. In
essence, [learners] learn from their entire ongoing experience. In many ways,
content is inseparable from context. (Ibid, p. 5; emphasis added)
The authors next elaborate this content-to-context connection in terms of
conceptual relationships, the drawing of sense-making linkages.
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Surface knowledge is anything that a robot can “know.” It refers to
programming and to the memorization of the “mechanics” of any subject.
Meaningful knowledge, on the other hand, is anything that makes sense to the
learner. A child who appreciates a plant as a miracle approaches the study of
plants differently from a child who “engages in a task.” It is impossible to deal
with complexity and change and to make sound judgments if the tools and
knowledge at our disposal do not make sense. We do not come to understand a

subject or master a skill by sticking bits of information to one another.
Understanding a subject results from perceiving relationships. The brain is
designed as a pattern detector. Our function as educators is to provide our
students with the sorts of experiences that enable them to perceive “the patterns
that connect.” (Ibid, p. 7; citation deleted, emphasis added)
They provide closure on this gestalt-informed explication by a point about
epiphanies. “Insight is much more important in education than is memorization. Felt
meaning begins as an unarticulated general sense of relationship and culminates in the
‘aha’ experience that accompanies insight” (ibid, p. 95). In my view, this is suggestive
of the interweaving of the educative trends or trajectories of experiential, experimental,
and environmental perspectives. This categorical set will be explored in greater detail
in Chapter 2.
My schema of characteristics, not incidentally, is predicated on a rather more
ineffable set of qualities; while these latter tend to be nearly impossible to quantify, I
believe absolutely that their presence makes the more readily-isolated attributes and
outcomes possible. Conversely, their absence virtually guarantees formulaic, lifeless
results. A loosely-framed iteration of these qualities which a true learning environment
for children must encode begins with happiness; alternate analogues might be delight,
pleasure, entrancement, or wonder. Additional cataloging encompasses provisions for
being astonished, fascinated, charmed, intrigued, awestruck, mesmerized, or baffled . . .
these may be a bit unorthodox as requirements for pedagogical excellence, but they are
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no less powerful for all that; they may not be sufficient, but I posit that they are
certainly necessary.
Values
I wish to emphasize that the full array of attributes characteristic of CMs as
discussed above encode values as well as qualities. As such, they served us as CMH
exhibit planners, developers, and designers by providing a taxonomy of values to our
work in precise parallel with the taxonomy we devised of vision, goals, actions, and
outcomes.
Your accounts contain both descriptions of what you did, and also explanations
for why you did it and what you hoped to achieve. This means articulating the
values that inspired your work, and how you are hoping to realize those values
in your practice. It also means engaging in some discussion around why you
have identified those values and not others. It may involve explaining how your
personal or work contexts promote or deny the realization of your values, and
what your have done to celebrate or compensate. (McNiff & Whitehead, 2006,
p. 73)
I will consider these related parameters of values and their articulation and
realization as they impacted project development throughout this document.
Action Research
“You use action research when you want to find ways of taking action to improve
learning with social intent.” McNiff & Whitehead
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These passages provide the bridge to the topic of Action Research. This
qualitative research methodology guided each phase of my work in the At the Canal’s
Edge project; consequently, it is incumbent upon me to provide a comprehensive
rationale of the nature, utility and viability of the approach. Discussing an analogous
approach, Weiss notes, “In qualitative interview studies the demonstration of causation
rests heavily on the description of a visualizable sequence of events, each event flowing
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into the next” (1994, p. 179). Following this dictum, a major goal I have held in mind
while crafting this dissertation has been to provide a narrative that makes that sequence
of events which constituted the ATCE project clear and compelling. “Our stories are
compelling but they’re hard to tell” (Jeff Patchen, Ph.D., CEO of Indianapolis
Children’s Museum, speaking at the 2004 Inter Activity in New Orleans [personal notes
from conference, 4 May 2004]). In the course of completing this dissertation, I have
emphatically come to appreciate that action research, in particular its narrative
character, is a powerful and persuasive way of making at least this particular compelling
story a little easier to tell.
It is generally understood that action research began with the work of John
Collier in the 1930s, acting as commissioner for Indian affairs, and Kurt Lewin
in the 1940s. Lewin, a Jewish refuge from Nazi Germany who worked as a
social psychologist in the US, believed that people would be more motivated
about their work if they were involved in decision-making about how the
workplace was run. He researched what happened when people did become
involved. Lewin’s original ideas have remained influential, and, following his
ideas, many researchers organized their work and reports as a cycle of steps:
observe—reflect—act—evaluate—modify. This cycle can turn into another
cycle. (McNiff & Whitehead, 2006, p. 36, citation deleted)
The cyclic nature of action research is absolutely integral to its process and
contributes deeply to its effectiveness by virtue of its recursive revisiting and
reconsidering of the particulars of the problem space

18

and the way each participant in

the study both impacts the process and is in turn influenced, especially professionally,
by that process. Chapter 2, Background and Context, provides a more elaborated
explication of grounding AR theory and praxis. Chapter 3, Research, contains
extensive documentation of details of those loops as I first envisioned them and as we
collectively extended them over the life of the At the Canal’s Edge project.
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It is understood that learning requires active perception, attention, and encoding,
but it is not as well appreciated that these processes are unique for each person.
The antecedents of this idea can be found in the research and writings of Kurt
Lewin, whose “field theory” recognized that experience is an active process
encompassing the perceived “life space” of the individual. (Falk & Dierking,
1992, p. 106; citation deleted)
McNiff & Whitehead (2006, pp. 22-32) provide elegant synopses both of
research methodologies more generally and of action research more specifically. I will
quote their core bulleted points here to summarize the global protocols of AR and to
emphasize the informing sensibility I hold towards my work and that of my colleagues
on this project.
We also need to remember that all kinds of research, including action
research, share common features, which distinguish them as research and not
just activity. Those features include the following:
•
•
•
•
•
•
•
•
•
•
•

They identify a research issue.
They identify research aims.
They set out a research design (plan).
They gather data.
They establish criteria and standards of judgment.
They generate evidence from the data.
They make a claim to knowledge.
They submit the claim to critique.
They explain the significance of the work.
They disseminate the findings.
They link new knowledge with existing knowledge.

The authors parse the underpinning assumptions of AR into four categories.
1

Ontological assumptions
•
•
•

2

Action research is value laden.
Action research is morally committed.
Action researchers perceive themselves as in relation with one another in
their social contexts.
Epistemological assumptions

•
•

The object of the inquiry is the “I”.
Knowledge is uncertain.
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•
3

Knowledge creation is a collaborative process.
Methodological assumptions

•
•
•
4

Action research is done by practitioners who regard themselves as
agents.
The methodology is open-ended and developmental.
The aim of the research is to improve learning with social intent.
Social purposes

•
•
•

It aims to improve workplace practices through improved learning.
It aims to promote the ongoing democratic evaluation of learning and
practices.
It aims to create good social orders by influencing the education of social
formations
Global utility of Action Research

I chose to use action research as a methodological approach because it is
provides a way to translate values into practice, and to give voice to those values in
professional work. McNiff & Whitehead (2006, p. 73) frame the methodology as, “In
the action—reflection process, your embodied values become clear as they emerge
through your enquiry.” The very term is resonant with both my personal sensibility and
with my sense of professionalism: it suggests involvement, engagement, forward
motion, and utility. It also implies my belief that it is necessary for engaged
practitioners to act in their praxis responsibly and responsively in relation to new
learning. Also, action research is predicated on direct addressing of the question McNiff
and Whitehead frame as, “What is happening here?” (ibid, p. 14). This is a deceptively
simple query: its deep answering informs, to my mind, all good research, of whatever
methodological stripe. “Action research can be a powerful and liberating form of
professional enquiry because it means that practitioners themselves investigate their
own practice as they find ways of living more fully in the direction of their educational
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values” (McNiff & Whitehead, 2006, p. 8). These authors elaborate this point (ibid, p.
240):
Schon spoke about the need for a new epistemology in 1995. Since 1976,
Whitehead has consistently spoken about the need for a new epistemology,
which would involve practitioners studying their practice as the grounds for the
generation of their own theories of practice. They would offer their ideas about
what they know and how they have learned it, and they would put their ideas to
the test both of other people’s opinions, and of how well their provisional
theories stood up to the exigencies of new practices. Implications of this view
are that theory is not necessarily static, but is embodied in the real lives of real
people: hence the idea of living theory. Schon’s idea was that the development
of a new epistemology would be part of the development of a new scholarship,
that is, a culture of enquiry about specific practices. The new scholarship would
use practices that were different from traditional scholarship; so, instead of
focusing on the measurement of outcomes, as in traditional scholarship, the new
scholarship would focus on the negotiation of personal and social meanings.
Whitehead’s idea of an epistemology of educational enquiry is that practitioners
would offer their explanations of how they have learned to improve practice
with educational intent.
“Our goal as researchers is the documentation of working to understand and
initiate change in the contexts being studied” (Herr & Anderson, 127). In the case of
the ACTE project, then, my goal was clear but multipartite: I had first to document our
(and my) efforts to understand the museum’s loosely-framed goals for positive change
in its exhibits and program areas. In order to do so, it was imperative that I learn as
much as possible about the specifics of the tensions within the museum’s operational
structure so as to comprehend both explicit and implicit constraints and correlative
opportunities to effectuate change in optimum directions. Much of my facilitation and
consultation during the first months of the project entailed helping CMH professional
staff more clearly articulate their intuitively sensed but inchoate expectations about
these polar potentials and challenges.
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The fact that the Project Director, while extremely seasoned as a manager,
supervisor, and grantwriter, was new to the exhibits domain rendered measured
negotiations and very specific communications mandatory. At the same time, this
provided an ideal explicit rationale for ensuring that group processes were consistently
transparent and carefully documented, rather than relying on the sorts of shorthand to
which more experienced exhibits professionals typically resort. The situation thus
resulted in the evolution of a working method that not only addressed Project Director
Silver’s requirements for a closely managed protocol, but also structured our collective
work in a manner that was perfectly congruent with AR best practices.
We knew that there would be significant change in the appearance, workings,
and reputation of the museum as a result of our efforts. The impact of action research
on this change-directed sequence was to privilege my efforts to keep the processes
leading to the negotiated outcomes as transparent, equitable, organized, and creative as
possible. It was incumbent upon me to become a progressively more effective change
agent in a novel relationship with the professionals representing a responsive yet
nonetheless agenda-directed institution. At the same time, I had to focus considerable
analytic attention on learning the nuances of that institutional culture (since it had
changed considerably in the intervening years since I had been a Director there), with
the intent of both respecting it for its creativity and vision while effortfiilly moving its
forward trajectory in ways I viewed as most integral with its mission and goals. After
all, “ . . . you can’t guide what you can’t understand” (Geertz, 2000, p. 250).
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Reflective practice
This reflective revisiting of the assumptions of each member of the planning
team vis-a-vis the expectations, goals, and ambitions of the museum organization writ
large was precisely what made the ATCE process so engaging and yet also so
challenging. “The idea of reflective practice is an alternative to the traditional
epistemology of practice. It leads ... to new conceptions of the professional-client
contract, the partnership of research and practice, and the learning systems of
professional institutions” (Schon, 1982, p. 345). This stance and sensibility is echoed in
Ecological identity, another seminal text supporting the project team’s ongoing work:
Educators refer to “reflective practice” as an approach to professional training
that enables the practitioner to use self-awareness, critical evaluation, and
interpretive observation as introspective learning tools. The goal of reflective
practice is to understand the consequences of professional action, to assess how
one is perceived as a practitioner, to use professional activities as an educational
laboratory to learn about the issues of the profession, and to connect these
activities to one’s value system and personal growth. Elence “reflective
practitioners” always consider the broad context of their work, placing particular
emphasis on the learning process of professional activity. They construct and
integrate a professional and personal vision, stepping out of their work to
consider whether their actions conform to that vision. (Thomashow, 1998, p.
164)
This metacognitive frame of reference proved a most gratifying aspect of the AR
methodology for me throughout ATCE; it not only suggested, it required that I be
cognizant of my personal affect and attitude in relation to my colleagues and to the
particular project phase in which we were enmeshed at the moment. The insistence
with which the protocol keeps practitioners focused on their personal and practice-based
perspectives as well as on the more comfortably distant context of the work per se was
deeply enriching overall, albeit maddeningly frustrating at times during the enterprise.
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Action research can be a powerful and liberating form of professional enquiry
because it means that practitioners themselves investigate their own practice as
they find ways of living more fully in the direction of their educational values.
They are not told what to do. They decide for themselves what to do, in
negotiation with others. (McNiff & Whitehead, op cit., p. 8)
This process of interactively framed deep reflection was novel and occasionally
chimerical to each of us enmeshed in the project, not least because neither the
incremental negotiations nor the envisioned long-range outcomes were predictable.
That ambiguity, inherent to the action research system of operationalizing individual
and collective conceptual and procedural change, caused no lack of consternation and
questioning among participants. At the same time, it also provoked extraordinarily rich
interpretations and investigations, as will be made clear across the rest of this document.
A major goal of experimental-design research is to build up a hierarchical
structure of knowledge. The assumption is that every bit of research fits into a
larger picture that will lead to increasingly general statements incorporating
more and more of the data within a single framework. The goal is laws of
behavior with broad applicability.
Naturalistic research has a different goal, to provide “rich” descriptions of
specific situations that gain validity by being believable on their own terms,
rather than as pieces of a larger hierarchical whole. The generalization comes
from applications of these descriptions to an increasing number of instances.
However, the instances cited usually remain descriptions (that is, a collection of
individual cases), not a set of cases that are analyzed and generalized so that
they can be combined statistically. (Hein, 1998, p. 73)
Not surprisingly, an aspect of such a profoundly introspective and processsensitive approach was the fluidity of its outcomes. Unlike more traditional exhibit
development methods, which tend to focus on the appearance of the final product from
a very early point in the creative process, allowing AR methodology to guide our
practice provided us the luxury of holding that mercurial attribute in abeyance until very
late in our work together. It should be noted that this is not an easy trajectory to
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maintain; particularly once I had shared my findings from my first set of field research
findings, the team became somewhat collectively anxious, as if—now that we had
several models to guide us—we should simply stop brainstorming and investigating and
just “finish up.” However, action research parameters mandate a sequence of such
investigations. As difficult as that was for several members of the planning team to
internalize initially, it became evident as the AR cycles proceeded that the inherent
logic of the method produced unanticipatably fine and relevant new insights.
In naturalistic inquiry, there is a sense that the methodology may evolve as it is
implemented in the field, depending on the conditions that greet the researcher
as the study is being implemented. With action research and the assumption of
the research spiral, this premise of an evolving methodology is a virtual given.
While the steps of the action research spiral may remain the same—that is,
iterative cycles of plan-act-observe-reflect—these are broad categories or steps
that will be translated into actions in the field. For example, as a researcher
gains insight into the puzzle being studied, the next step may be to broaden the
scope of the data gathering, something not previously anticipated by the
19

researcher; this could be a step that now makes sense, derived from the
researcher’s reflection and understanding from the previous round of data
gathering, analysis, and actions taken. (Herr & Anderson, 2005, p. 76; citation
deleted)
The ‘rich descriptions’ that I generated of the exemplar models I visited in
various cities around the eastern United States resulted in just the process Herr and
Anderson suggest, new target venues being added to our initial list as I unearthed new
information. At the same time, based upon the array of additional insights and
alternatives, my and my colleagues’ insights into, and concomitant questions about,
possible creative solutions to the initial problem framing became more elaborated,
convoluted, and occasionally conflicted. The initially-held assumptions as to the extent
of the work involved and the time required thus became considerably amplified: what
had been conceived at the outset as a year-long endeavor evolved into cycles of
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observing-> reflecting-> acting^ evaluating-> modifying that eventually occupied a twoyear span of recursive, iterative efforts. Significantly, my work from its earliest
iterations was, “ ... intended to reveal patterns and relationships rather than to prove or
disprove a particular hypothesis” (Falk & Dierking, 1992, p. 115). Such intentions of
isolation and explication of important categorical issues mandate extensive efforts.
From my earliest decision to make use of an action research methodology, I
viewed its applicability to this project as one which could generate, “ ... more direct
and more general understanding . . . . “ (Huizinga, 1950, p. 25). Another way of
thinking about our AR-guided actions is to frame them as efforts to accumulate “ . . .
both local and public knowledge” (Herr & Anderson, p. 111). The former intent was to
remain true to the mission of rendering a locally-inflected solution to the broader
problem the museum sought to address, the latter to produce both an environment (the
exhibit) and a document (this dissertation) that, in the public realm, could serve as valid
points of departure in ongoing discussions about how other comparable organizations
might in the future go about producing analogous outcomes as well as attempting to
share possibilities and pitfalls which our AR approach provoked. In fact, this also
brings up the important related issue of outcome based evaluation: this protocol, closely
parallel to AR methodology and a specified assessment requirement of the primary
funder
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for the ATCE, served as a guiding mechanism throughout, to which we kept

referring as we progressed. The concept of incorporating evaluation along the full
course of each development project has become quite common in museum contexts
over the past two decades. The modifying terms front-end, formative, remediation, and
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summative are now standard parlance in referring to different periods in the evaluative
sequence, and will be clarified as the narrative proceeds.
“In action research, people begin by holding themselves accountable” (McNiff
& Whitehead, 2006, p. 34). A significant part of my way of holding myself accountable
was to make clear to my colleagues the nature of this evaluative approach, its full
mapping onto AR, and to clarify the ways in which it could allow us to be most
effective in transitions from one phase (or AR loop) of the ATCE effort to the next.
Since I was the only member of the introductory planning team versed in using outcome
based evaluation, and since it was a way to present the utility of action research from a
slightly different vantage point (one with the added virtue of being funder-mandated),
this became the standpoint from which my ongoing explanations of my preferred
protocols were articulated. In brief, the outcome based evaluation approach was put
into play immediately, as an exemplar of front-end evaluation; it served to bound the
initial information-gathering and vision-clarifying efforts, which will be specified in
Chapter 3 by means of thick descriptions of the work in each action research loop.
My working assumptions, most importantly that action research guidelines
would be extraordinarily useful in this creative process, and my goals in relation to the
project which derived from these assumptions, rapidly became more specifiable as a
result of having to present them, at the Project Director’s request, as our methodological
structure, to the full planning group, e.g., within our first several meetings together.
While the bulk of this dissertation will flesh out all the relevant particulars of the ways
in which this played out, let me summarize briefly.
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I would serve as the principal researcher and documentarian in investigating
extant exemplars, especially by visiting and deeply analyzing venues in Boston,
Chattanooga, Pittsburgh, and Indianapolis, and then reporting my findings back to my
colleagues. I would also serve as facilitator of focus groups involving as many
appropriate stakeholders from the community as we could enlist; and I would facilitate
several staff focus groups to concretize their involvement in the project and to elicit as
many relevant creative suggestions as possible, since they in fact are the experts in both
the actual workings of the museum and the needs of the community who use the
museum and thus whose broad and deep input is most valued. The planning group in
toto, then, would meet regularly to use this information, along with all additional data
they had accumulated, to consider options, alternatives, and suggestions and to
synthesize these, under the guidance of the Project Director, into a series of working
documents which would summarize the most promising alternatives at various points
along the evolving project timeline. All members were empowered to seek out relevant
supporting information on their own, particularly in areas of additional possible
exemplars, suitable materials, appropriate contractors, and alternate suppliers. Most
importantly, and fully in keeping with AR guidelines, the process was always open to
review, revisiting, and recalibrating. As will be made clear in Chapter 3, this fluidity
enabled us to incorporate significant and substantive new insights that emerged
organically from the approach; a more standard, time-bound scenario would have
neither located these new areas of investigation nor have been sufficiently responsive to
make good use of them.
The methods and theories of social science are not being produced by computers
but by men and women; and, for the most part, by men and women operating
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not in laboratories but in the same social world to which the methods apply and
the theories pertain. It is this which gives the whole enterprise its special
character. Most social scientific research involves direct, intimate, and more or
less disturbing encounters with the immediate details of contemporary life,
encounters of a sort which can hardly help but affect the sensibilities of the
persons who practice it. And, as any discipline is what the persons who practice
it make it, these sensibilities become as embedded in its constitution as do those
of an age in its culture. (Geertz, 2000, p. 23)
A frame of reference likewise specifically connected to this project is found in a
Science Education journal article (Special Issue: Informal Science Education):
The need to break new ground has resulted in a range of research initiatives that
are smaller in scale and more interpretive in nature. This new era of study has
focused on learning in a particular context or “cognition in practice.” Within
these studies the emphasis is on things that are learned outside of formal
education and how this knowledge is influenced by the social and cultural
context in which the problem solving takes place, “including the physical
structure, the purpose of the activity, the existence of collaborating partners and
the social milieu in which the problem is embedded.” (Alsop & Watts, 1997, p.
634; citations deleted)
Berger (2001, p. 264) likewise provided us a crisp, lucid frame of reference: we were
seeking to create, “Learning spaces organized for creative and constructive play.”
A primary personal goal of my AR work, that is, my role as
researcher/practitioner, has been to capture the incremental intricacies of the day-to-day
work of all those involved in the project, with the explicit intent as the protocols
unfolded being regular review, reconsideration, and evaluation of these intricacies to
ensure their coherence, ongoing logical progression, and outcome-directed
interconnection. Consistent assessment of the progress we were making, as well as
challenges we were encountering, was viewed as critical to moving the project forward
in as real and dynamic a way as possible. We didn’t want to be simply following a
formulaic rubric for exhibit development; while I have a number of such white papers
(e.g., documents produced with the intent that they provide comprehensive guidelines
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for the achieving of a specified goal, in this instance for the creation of a museum
exhibit) used by other children’s museums in my files, my sense is that their
generalizability is suspect.

21

The Children’s Museum at Holyoke is an organization operating with a small
staff (fewer than a dozen full- and part-time professional staff were in place during the
completion of this project). Thus, in keeping with their standard operating procedure of
being highly adaptable in order to make maximum use of personnel, division of labor as
to ATCE project management was very situational and opportunistic rather than
adhering to a specifiable organizational chart or preemptively codified action sequence.
Perhaps of greater impact was the fact that my action research method itself demanded a
much more fluid, dynamic and responsive mechanism of interaction, informationaccumulation and synthesis, and creative elaborations of each cycle of this process than
a more iteratively specific or stereotypic method could accommodate.
An exceedingly important characteristic of AR requires mention here, namely
the parity and equity of all participants. This was both an explicitly stated and tacitly
followed guideline throughout; its application allowed us to value all the members, for
instance, of the focus groups whose involvement helped guide our sense of project
direction.
Remember that your research participants have the same status in your research
as you. They are not objects of enquiry, or somehow subordinate. They are
research equals. Your research is about studying you, not them, and
investigating the quality of your influence in their learning. This means that you
have to check how they are responding to you as you interact with them. You
ask, “What am I doing in relation to you? What am I learning with and from
you? What are you learning with and from me?’ Your participants mirror you
back. (McNiff & Whitehead, 2006, p. 85)
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In exemplary action research tradition, then, I and all of my colleagues in this
enterprise became co-investigators, united largely through holding in common an
overarching working stance and sensibility, namely a reflective and constructivist
theory of mind.
McNiff & Whitehead state (ibid, p. 251), “You have an advantage. You are
competent not only to discuss practice, but also to show how you theorize practice
itself. This is no small achievement, and you need to refine it to a high level of
sophistication.” This comment is particularly telling in this instance in terms of
competence, since in addition to my graduate education I have nearly twenty years
experience in researching and working in the children’s museum field and consequently
bring extensive data sets to bear on both practice and its supporting theory. The goal,
logically, came to be seen as the need to isolate, clarify, and help to make more creative
and effective—more sophisticated, in a word—the process of developing and designing
this substantive new exhibit. Schon provides a passage that deeply elucidates this
process, in large measure one of design.
I shall consider designing as a conversation with the materials of a situation.
A designer makes things. Sometimes he makes the final product; more
often, he makes a representation—a plan, program, or image—of an artifact to
be constructed by others. He works in particular situations, uses particular
materials, and employs a distinctive medium and language. Typically, his
making process is complex. There are more variables—kinds of possible
moves, norms, and interrelationships of these—than can be represented in a
finite model. Because of this complexity, the designer’s moves tend, happily or
unhappily, to produce consequences other than those intended. When this
happens, the designer may take account of the unintended changes he has made
in the situation by forming new appreciations and understandings and by making
new moves. He shapes the situation, in accordance with his initial appreciation
of it, the situation “talks back,” and he responds to the situation’s back-talk.
(1983, p. 79)
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Values-driven working assumptions
Our early values-codifying discussions produced a small set of core working
assumptions which subsequently directed our thinking and our actions vis-a-vis the
situational talk and back-talk, in Schon’s phrasing. First and foremost, we each
maintained a strong conviction, based on individual professional practice, that
children’s museums writ large form a new paradigm for pedagogy, different in kind
from antecedent and contemporary alternatives and more connected in both theory and
method than they to transformative current learning theory. Second, we felt that the
constructivist learning supported by children’s museums can serve well, with
appropriate modification, in public school contexts that are mediated by deep and broad
involvement with exemplar museums, in the type of partnership which the Connecticut
in the Classroom has supported for the past seven years between CMH and the Holyoke
public schools (see Project antecedents section, this chapter, for additional details).
Third, we shared the realization that there is strong research support for the
value of outcomes achieved by multi-stakeholder involvement in planning communitydirected projects such as ATCE. Lastly, we recognized individually and collectively
that the action research methodology which I promoted assiduously was a creative and
dynamic approach to maximizing the available resources, energy, and intention of the
museum staff and other planning team members; I believe, based on front-end,
formative, and summative evaluation from the principal players in the project, that each
one was fully invested in the utility of the AR approach. We framed our intentions as
this meta-goal, in effect a mission statement for the planning team: “To maximize
creativity and credibility and to put skill, intelligence, insight, care and love into our
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collective work leading to the creation of rich, beautiful, and learning-driven items,
elements, equipment and environments for children’s developmental play.” A bulleted
passage from Lessons without limit: How free-choice learning is transforming
education codifies this gradually-attained sensibility.
•

Attempt to make learning experiences boundless; in other words, the experience
should start from the learner’s innate interests and experiences and enable
him/her to continue, or extend the learning beyond the temporal and physical
confines of a single experience. Consequently every experience should provide
the learner with concrete references to past experiences and suggestions for
future experiences that he or she can have which will extend and expand upon
the learning experience. (Falk & Dierking, 2002, p. 156)
Association of Children’s Museums
I will move now to considering current trends, trajectories, and best practices

clarified by or through the extensive impact field-wide of the Association of Children’s
Museums (ACM), based in Washington, DC. In the past dozen years, during which
time I either have been employed by a children’s museum or have been consulting to
the field, hence have been paying close professional attention to the subtle changes in
its nature and evolution, I find ACM to be advancing on a number of fronts
simultaneously, and to be consolidating several other long-held characteristics or
trajectories. Especially over the past five years, I see the Executive Director and staff of
this representative professional organization (previously AYM, the Association of
Youth Museums) deftly managing to frame and communicate the multivalent roles and
goals of the field by means of multiple innovative institutional partnerships and with
increasingly higher levels of social responsibility and focus on clarified mission.
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Field-wide communication
Perhaps the medium by which ACM most effectively advances its agenda and
that of the field’s agenda more broadly is through a targeted array of publications.
These include, in regular publication cycles, the quarterly journal Hand to Hand (I find
the title to be both allusive and descriptive of the way in which the issues tend to be
shared among colleagues) and the more informal quarterly newsletter called simply
ACM Forum. The Association has also published or co-published a number of seminal
volumes over the years, each a major contribution to guiding the field’s positive
trajectory. Preeminent among these are Collective vision: starting and sustaining a
children’s museum (Maher, 1997) and the follow-up documentation volume Capturing
the vision (Maher, 2001).
Another especially high-visibility aspect of the continuity of the influence and
effectiveness of the Association is attained through the vehicle of the annual
InterActivity, the field-wide conference which ACM has organized and sponsored
across a span of nearly two decades; the Association co-hosts the event with one or
more of the flagship CMs located in the city where the gathering is taking place. For
instance, the most recent InterActivity, 10-12 May 2007, headquartered at the Westin
Michigan Avenue Hotel in Chicago, IL, had as Lead Hosts Chicago Children’s
Museum, DuPage Children’s Museum, and the Kohl Children’s Museum of Greater
Chicago, and as Co-Host Bronzeville Children’s Museum. The theme for this year’s
conference was Embracing Diversity in Your Town Square; the concept afforded
coherent topical continuity across the full panoply of keynote addresses, content
sessions, and related presentations. Three separate evening events, held each night at a
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different Lead Host museum, gave the attendees (over 900 this year22) the opportunity
to closely observe, assess, interpret and be inspired by three very fine, and very
different, model institutions.
Some comparably relevant, important themes of recent InterActivities have been
Growing Healthy Kids, Museums and Communities (Boston, 2006), The Power of
Family Learning (Indianapolis, 2005), Strategies for a Changing World (New Orleans,
2004), Building Communities of Learners (Houston, 2003), Shared Values, Many
Voices (Ottawa, Ontario, 2002), A Sense of Place (St. Louis, 2001), and Creativity in
Civil Society (Baltimore, 2000); it has been my privilege to attend each of these among
many others, and to present at a number of them.
The ACM organization is most impressive in its unfailingly excellent
presentation of important, powerful keynote speakers. Over the past fifteen years I have
had the pleasure of being enlightened, challenged, informed and often entertained by
luminaries including Marian Wright Edelman, Fred Rogers, David Elkind, Ted Childs,
Mike Spock, T. Berry Brazelton, Alison Gopnik, Kevin Clash, Richard Florida, Luis
Valdez, Valora Washington, W. Richard West, Todd Siler, Bettye Caldwell, and
Edward Zigler. The provocative and insightful points such expert and engaged
presenters generate serve as conversation starters in both formal and informal
encounters across the span of the conference, and in some instances for years following,
among receptive attendees. They also often provide guides for action, as well as
theoretically clarifying or expanding frameworks; for instance, I made use of several
creativity-enhancing exercises presented by Todd Siler in his Think Like a Genius
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workshop in a number of the focus groups I facilitated for ATCE, enumerated in
Chapter 3.
At a personal level, particularly important for me in my ongoing, developing
children’s museum field practice, I learn specific, usable details from ACM
InterActivities. I will provide but a single example of hundreds of such instances of
serendipitous learning. This point, while global in import, also proved an appropriate
guideline for the ACTE project, both in terms of the exhibit per se and in relation to
parameters followed in arranging related programming: “Be a place that encourages
kids to question, and to become better questioners”
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(Cheryl McCallum, Houston

Children’s Museum Exhibits Director, 2001 ACM Inter Activity; personal conference
notes, 4 May 2001). I have also gleaned innumerable invaluable details, hints, and
marvelous new ideas from the various co-hosting museum venues, now compiled into
dossiers of many thousands of images and hundreds of pages of supporting notes and
reference documents in my files. An index of ACM’s efficiency in organizing
conferences is the number of optional bus tours they have arranged over the years to
other children’s museums outside the immediate purview of the conference venue, such
as to Austin and San Antonio from the Houston InterActivity, or to Richmond from the
Baltimore one. Each such ancillary event has proved highly useful to me, well worth
the additional time and money requirements.
ACM advancing trajectories

I see ACM advancing with particular focus and dedication on the following
fronts:
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•

The articulated goal of establishing children’s museums as the new town square,
the community center to which individuals and organizations naturally gravitate
as safe havens from which to discuss and move forward pressing topics. This
has become embedded formally and informally in the praxis of the field, and
turns up in the action plans of many member institutions.

24

This serves

simultaneously to enhance children’s museums profile in the public
th

consciousness. To my mind, such an approach suggests the 19 Century
American tradition of chautauquas, collective opportunities for every person in
the community to participate in a learning encounter that is open-ended, dataintensive, and with a principal goal of improved civic discourse and action.
•

Likewise, the incorporation of substantive research about the learning that goes
on in these institutions in various contexts is being formalized, elaborated, and
shared much more broadly and deeply, particularly as it clarifies family groups
as core learning entities, and a number of important partnerships are being
formed and extended between children’s museums and educational and research
institutions. This is also moved forward more generally through such
innovations as dissemination to all participants at the May 2005 InterActivity of
the Chicago Children’s Museums’ Executive Summary, an exemplary document
encompassing a position paper, best-practices compendium, and Standards
model. From this white paper comes that most useful working phrase,
extremely important to us in the latter phases of ATCE planning as well as to me
in my thinking while framing this dissertation, “Making learning visible.”
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•

A major initiative has also been formulated and implemented which brings the
long-standing polycultural stance of the field into a broadly disseminated
format. This perspective was highlighted across the entire May 2007
Inter Activity, which as noted had Diversity as its theme. A much more
elaborated example of the commitment to this crucial perspective is the Freeman
Foundation-supported Asian Exhibit Initiative, a series of traveling exhibits
focused on a number of Asian cultures including accessible, child-centered
samplings from Japanese, Chinese, Korean, and Hmong sources. Each of these
highly interactive exhibits was developed by a different children’s museum, and
opened for its initial tour venue at the site where it was created. They are all
now in the middle of a series of installations at other CMs nationwide. The $7
million enterprise, running from 2004 through 2008, will enable these culturally
intensive, authentically inflected environments to be viewed at 77 different
children’s museums.

•

ACM has clearly positioned itself as the primary respected clearinghouse for the
broadest array of information about the field and as the provider of widely
disseminated statistical data supporting relevant research. Such data can provide
both global insights and targeted responses, including growth trends in the
children’s museum field (considered at present the fastest-growing category of
cultural institution in the U.S., with nearly 350 member museums).

25

ACM consolidating trajectories

As to consolidations, three separate streams seem to me particularly salient.
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•

First, the formalization of what were previously called best practices but have
evolved in terminology to promising practices, perhaps as a less deterministic or
proscriptive phrasing, are now formalized into an annual field-wide award
program, sponsored jointly by ACM and the MetLife Foundation and funded by
the latter organization. This is a vehicle through which innovative and creative
concepts in programming and outreach are recognized and disseminated.
Following a protocol of application and review, the Promising Practice awards
program enables all children’s museums of whatever size or history to be
considered as exemplars for a particular scenario in which they invested
significant conceptual capital, and to be both recognized and fiscally rewarded
for their efforts. An additional important elaboration of this project is the
number of award recipients who have subsequently been funded, either through
MetLife or other foundations, to generate descriptive kits which other museums
can use in replicating the program or project, tailoring its core identity to their
particular institutional needs and situation. Boston Children’s Museum’s
Countdown to Kindergarten is one such project currently being replicated in
26

other cities, as is Madison’s Green Initiative- ; during our planning, the CMH
project team followed a number of the practical suggestions made available on
Madison’s web site through this dissemination effort.
•

Another organizational partnership initiative and a second consolidation stream
which is proving to have long-term durability and utility is one with the Civil

.

.
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Society Institute , a Massachusetts-based organization committed to social and
educational reform focused on dialogic mobilization and privileging of
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children’s creativity and passion to learn. A logical extension of the Town
Square metaphor, this collaboration has framed considerable discourse within
the ACM membership through facilitated symposia and seminars, and has co¬
sponsored, with the American Library Association and the Families and Work
Institute, a broad-based conference on 21st century learning, which took place in
September, 2004. Mike Spock (son of the late pediatrician Dr. Benjamin
Spock), arguably the preeminent luminary in the field,
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has in recent years been

advocating the formalizing of museum outreach initiatives in just such civil
society directions. Over the past half decade, he has noticed and has been
working to define and articulate a groundswell of need in the young people
whom our institutions serve. In his experience, those needs have gotten more
profound, entrenched, and endemic in a troublingly brief span of years. Twenty
years ago, providing a healthy afternoon snack and a structured activity for an
hour or two once or twice a week was enough to satisfy most of our children’s
needs; now, however, interventions required are far more extensive and
intensive, and often place high demands for professional expertise on staff.
Fortunately, Mike’s pronouncements are heralded field-wide as gospel.
Consequently, since he first started this conversation, many children’s museums
are rethinking the ways in which they define serving children, and are working
to become much more effective providers of quite direct social service to many
previously unserved, much less underserved, groups. Miami’s Young at Art
Children’s Museum, for instance, was awarded a Promising Practice citation in

79

May 2005 for their extensive efforts to provide a spectrum of services on a daily
basis to children from homeless families.
•

A final domain of note in which consolidation is taking place is one specifically
connecting all of the above directions and more to current and developing cross¬
domain theory that can provide insight into both reasons for and projections
concerning such trends. In my estimation, the field has become much more
fluid and fluent at inviting deep and provocative dialogue with experts in an
array of topic areas, many ostensibly at some remove from our specific purview,
in effect modeling the protocol of inviting more groups to the table in order to
enrich the possible outcomes of the conversation.
In Making museums matter, long-term museum executive and analyst Stephen

E. Weil frames this broader discourse in the following way:
The museum of the near future . . . will in essence be one of a range of
organizations—instruments, really—available to the supporting community to
be used in pursuit of its communal goals. As an intricate and potentially
powerful instrument of communication, it will make available to the community,
and for the community’s purposes, its profound expertise at telling stories,
eliciting emotion, triggering memories, stirring imagination, and prompting
discovery—its expertise in stimulating all those object-based responses. (Weil,
2002, p. 200)
In the past half dozen years, for instance, InterActivity attendees have had the
opportunity to hear and speak with such authors as Richard Florida, discussing his
concepts about the emerging creative economy; cultural anthropologist Edward Hall,
elaborating understandings about current research in culturally-inflected learning; and
linguist and cultural anthropologist Mary Catherine Bateson, who framed the above
arguments in an overarching and metacognitively-informed synopsis. The eagerness
with which the field seeks out and incorporates suggestions about both theory and
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practice from individuals and institutions which a more narrowly self-referential
learning community might not be inclined to do is, to my mind, the closest thing to a
guarantee which can be framed that enthusiasm, viability and vitality will continue to be
trademarks of, and benchmarks for, children’s museums.
More narrowly self-defined entities, for instance, might be hesitant to seek input
from people representing possibly competing systems or approaches, such as
afterschool program providers or alternative pedagogical think tanks; ACM, however,
has sponsored presentations by Eric Schwartz, CEO of Citizen Schools, a major Boston
area provider of afterschool programming, and by Samuel J. Meisels, President of the
Erikson Institute, a Chicago-based educational research entity and graduate school in
child development. I find the field’s openness to new insight from an array of sources
across the pedagogical landscape and its eagerness to share its hard-won status as expert
provider of exemplary learning opportunities contributes both to the above-mentioned
viability and enables its practitioners to continue to be personally and professionally
reflective.
In my system of comprehension, such reflective praxis is not only relevant to
effective pedagogy but requisite to it. Schon (1982, p. 68) frames this stance as follows:
When someone reflects-in-action, he becomes a researcher in the practice
context. He is not dependent on the categories of established theory and
technique, but constructs a new theory of the unique case. His inquiry is not
limited to a deliberation about means which depends on a prior agreement about
ends. He does not keep means and ends separate, but defines them interactively
as he frames a problematic situation. He does not separate thinking from doing,
ratiocinating his way to a decision which he must later convert to action.
Because his experimenting is a kind of action, implementation is built into his
inquiry. Thus reflection-in-action can proceed, even in situations of uncertainty
or uniqueness, because it is not bound by the dichotomies of Technical
Rationality.
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Although reflection-in-action is an extraordinary process, it is not a rare
event. Indeed, for some reflective practitioners it is the core of practice.
Broadening and deepening of the referential base which practitioners may use as
standpoint from which to devise appropriately situational and circumstantially-bounded
solutions to problems in practice is a crucial aspect in professional development. This
affords them (which is to say, us, most expansively all professionals in the children’s
museum field) both the opportunity for enriching of personally- and organizationallydetermined professional skill sets of import and for developing increased confidence in
the credibility, transferability, and dependability of these skill sets.
It is, I believe, worth pointing out that these various new substantive protocols
are not supplanting traditional underpinnings of individual children’s museums or of the
aggregate of these individual institutions into the loosely but powerfully interconnected
field at large. Rather, the protocols individually and collectively serve to clarify,
codify, and enhance the processes of child-centered, discovery-focused, and playinflected learning which have been the identity and the identifiers of these organizations
since the inception of the first one in Brooklyn, New York in 1899 (LeBlanc, 2001, p.
2.). The evolving protocols are deeply considered, carefully crafted real-time position
papers, efforts to reassess the potentials, needs, and weaknesses which have emerged in
the twenty-first century as new dimensions to be addressed if the field is to remain
positioned as it has for over a century, at the cutting edge of providing superb learning
environments for children and families.
In Making museums matter. Weil also discussed implications of such
professional association policy documents.
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[T]he museum’s growing preoccupation with its audience also may be
attributable to the tremendous increase of professionalism within the museum
community during the postwar years. The impact of that development—and, as
a principal consequence, the equally tremendous growth in the scale, influence,
and variety of professional associations—should not be underestimated. The
policy positions taken by those professional associations—and the insistent
repetition of those policies over time—have played a compelling part in shaping
the mind-set and expectations of new practitioners in the field and the larger
public as well. .. . institutional change may frequently represent “a response to
shifts in the ideology, professional standards, and cultural norms of the field or
sector in which an organization is situated.” (Weil, 2002, pp. 31-32; citation
deleted)
Weil follows this explanation of the locus and impact of museum professional
associations with an assessment of the evolution in institutional trajectory which such
representative—and guiding—organizations have framed and helped shepherd.
The publications and program activities of these associations amply
document the degree to which they have changed their emphasis over the past
several decades, from collections and preservation to public service. ... With
the publication [by the American Association of Museums (A AM)] of Museums
for a New Century in 1984, education was declared to be a “primary” purpose of
museums. This upward curve [of ideological shift] reached its zenith in May
1991, when the association’s governing board adopted the educator-prepared
position paper Excellence and Equity as an official statement of the
association’s policy. Woven throughout Excellence and Equity are the linked
propositions that a commitment to public service is “central to every museum’s
activities” and that “education—in the broadest sense of that word—[is] at the
heart of their public service role.” (Ibid, pp. 32-33; citation deleted)
Lastly, Weil particularizes his assessment of this new and important trend
toward service and education in terms highly relevant to iYitATCE enterprise, both in
terms of the approach taken through this action research-informed work and in relation
to ongoing evaluative efforts, including those reviewed in this dissertation.
(In the AAM’s 1997 [accreditation handbook] publication). .. [suggested areas
of inquiry include whether the “museum effectively involves its audience in
developing public programs and exhibitions,” whether it “effectively identifies
and knows the characteristics of its existing and potential audiences,” and
whether it “effectively evaluates its programs and exhibitions” in terms of their
audience impact. (Ibid, p. 33; citation deleted)

83

In the last decade the children’s museum field has generated formalized roles for
job coaches, institutional guides, and mentors to individual executive directors, CEOs,
vice-presidents and other principal change agents. Such focus of intentionality and
productivity augment and solidify the sort of progress centered around core values to
which Weil refers and which the Association of Children’s Museums has effectively
advanced across the multivalent domains parsed above.
Moving now to a more local, limiting-case framework, I will now touch briefly
on ACM’s implications for the ATCE project. This is of particular import because it
generalizes well to other institutions in comparable situations (e.g., in
planning/development phases of new exhibit creation), as a vital, responsive source of
professional connections and collegial exemplar venues, and as a networking center and
research clearinghouse. In this project, ACM served as our core data bank of watercentered exhibits; this provided initial triangulation for instances of systemic typology
.
.
29
(a tipping point, so to speak).
The personal insights I brought to the planning table as
to effectiveness and efficiency of such exhibitry derived directly from my InterActivity
attendance. Among these were recollections, notes, and photographic documentation of
a number of excellent examples of such water details that I had seen at various ACMconnected venues, including an interestingly mechanistic one at the Magic House in St.
Louis and a richly elaborated outdoor environment in Ottawa. Of at least equivalent
import were the many informal conversations I was privileged to engage in with dozens
of colleagues at the InterActivity conferences in New Orleans, Indianapolis, and Boston
about ATCE, since these occurred during the project’s timeline when it occupied much
of my time and my mind. Such serendipitous exchanges allowed me great leeway in
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speaking about my work with CMH, in frames of reference from overall project
dimensions and intentions to small but salient details. I find such discussions with other
museum professionals to be invaluable in their relevance of feedback and creative,
insightful and supportive scaffolding of my current thinking, since these peers are the
individuals most familiar with what the work entails.
Children’s Museum at Holyoke
I will conclude this introductory chapter with an overview of the multiple ways
in which CMH served as the focus of the work of this dissertation, and in turn was
substantively and permanently impacted by the action research efforts which the
dissertation records and analyzes. The Children’s Museum at Holyoke celebrated its
twenty-fifth anniversary in 2006. It serves over 50,000 visitors annually, has an
operating budget of just under a half million dollars, and is currently listed as being
among the top dozen children’s museums in national rankings by Child Magazine.
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Its

target audience is children ages zero to ten and their caregivers, but it also provides a
number of long-standing programs for young teens, many of whom in turn serve as
Junior Volunteers (JVs), working at the museum a few hours each week. The museum
provides them a safe, engaging environment in which to spend productive and
interesting time; they reciprocate by participating in many service learning activities,
one of which has been to help with the creation of the elaborate naturalistic,
environmentally-themed murals that serve as the backdrop for At the Canal’s Edge.
They also help run educational programs, usually on weekends, for younger children.
This is also an ongoing component of ATCE, with JVs being trained to help facilitate
basic science, art, and local history programs centered on the canals and the river.
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Project antecedents

“The Connecticut River is the ecological thread that ties New England together.” Hiss
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It is appropriate at this juncture to clarify the pedagogical programs which
formed the conceptual foundation for At the Canal’s Edge. The Connecticut [River] in
the Classroom Initiative, a collaboration funded in its initial full iteration by a

Massachusetts Cultural Council multiyear $300,0000 grant which I co-authored, has
32

been ongoing since 2000; it has generated strong Standards-directed^ water-based
programming between the museum and the Holyoke Public School System while
including a number of other local and regional institutional colleagues in the enterprise.
The primary intent of my initial vision for this Initiative was to craft a comprehensive
educational program focused on the Connecticut River as a critical local and regional
environmental resource. The Initiative has become a thematically powerful collective
entity, with much of its potency due to the inclusion of a group of nearly fifty Holyoke
Public School teachers brought on board through the provisions of the grant as co¬
constructivists, also called researchers/practitioners in action research terminology.
Since 2002, these teachers have served as paid partners in the developing of a
comprehensive cross-discipline curriculum for District-wide Pre-K-5 classrooms. This
locally developed and locally topical data bank is fully aligned with the inquirycentered learning praxis of the CMH as well as being directly linked, item-by-item, with
the State Curriculum Frameworks.
A targeted instance of the impact of the Initiative on other regional organizations
as they were invited to join the collaboration was the inclusion of the Hitchcock Center
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for the Environment, an environmental education agency located in nearby Amherst,
MA. While CMH and Hitchcock had done some sporadic institutional partnering
during my tenure at the museum, primarily working together in running teacher-training
institutes in informal science education, the collaboration now became much more
formalized as a specific cross-institutional partnership. Consequently, Hitchcock
received a three-year $130,000 Charitable Grant from the Jessie B. Cox Foundation to
participate extensively in crafting and facilitating the professional development
workshops that were integral to the Initiative vision. WGBY/Channel 57 Public
Television in Springfield, MA continued its involvement in the collaborative, for
instance receiving operating funds to provide advanced computing seminars for the
participating teachers through its state-of-the-art Center for Instructional Technology.
The Children’s Museum at Holyoke has of course benefited both directly and
indirectly from this collaboration. CMH is now a reimbursed provider of professional
development workshops and seminars for the Holyoke teachers; there is also now a
contract in place for a visit to the museum by each Pre-K-5 classroom in the District,
thus bringing well over 3,000 school children in groups through the doors each year for
facilitated, hands-on, play-inflected workshops directly linked to their classroom studies
about the Connecticut River—another valued source of ongoing revenue. Several
separate streams of significance have converged to render this particular metaphoric
river of content an especially powerful confluence. First, as I indicated in my
Dissertation Proposal, the Connecticut in the Classroom Initiative was intended to
provide an avenue for strong outreach from the museum, both to solidify and
consolidate CMH’s impact on the local community and to help local public school
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teachers, particularly those teaching at the elementary level, to counter the prevailing
“cookbook” approach of teaching-to-the-test which is becoming so prevalent in this era
of top-down, mandated-content schooling by providing a rich, cross-curriculum¬
relevant, regionally inflected venue for deep constructivist learning.
Second, the specific river-centered content was determined to be of substantive
import in topical domains across the curriculum for all students in the region. A
number of national exemplars which we had researched
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during the planning of the

Initiative had demonstrated clearly that regional watershed ecology can serve as an

extraordinarily engaging and powerful thematic base for formal and informal learning
from Pre-K through graduate school levels and across all life-long learner age groups as
well. The environmental branch of our partner organization WGBY, namely the
Connecticut River Education Initiative (CREI), provided us with invaluable information
and organizational guidance as we formulated this ecologically connected project, as
did the Connecticut River Watershed Council, a regionally based and regionally
influential environmental research and advocacy agency.
Third, an important extension of this regional ecology perspective as a content
34

driver was our decision to use sense of place■

as an ongoing basis for developing

museum programs, museum-school workshops, and other in-house and outreach
learning enterprises. In large part as a result of my participation in a number of ACM
InterActivities, I came to gradually understand the extent to which such regionalism has
begun to infuse a subtle but significant shift into the way children’s museums
nationwide (and worldwide, for that matter) are positioning themselves in relation to
their embedding communities. While in the past, CMs tended to hold a strictly global
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perspective (the permanent exhibits tended to be similar, effectively interchangeable, in
museums from Maine to Arizona—viz., the virtually ubiquitous grocery store exhibit),
current practice tends to place much more positive emphasis on the regional character
of the museum’s home area (more seaport rigging exhibits in Maine, more desert
irrigation exhibits in Arizona).
This privileging of the local and regional context in support of museum missions
to make real-world connectivity ever more transparent is not a trivial change. I felt that
its inherent logic as a subtle but substantive shift in referential frame had much to
recommend it, and that the Connecticut in the Classroom Initiative was an ideal point of
departure from which to begin to move CMH in this general direction as well. Of
course, as will become evident, the ATCE exhibit has served to consolidate this
perspective in a number of significant ways.
Holyoke developed as the first planned industrial city in the country because of
its geography and topography in relation to the Connecticut River. The series of tiered
canals which were diverted from the river and which became the source of water power
for over 120 factories, most of which produced paper, still anchor the identity of the city
both visually and topologically. While the factories are now closed, replaced by other
technology in other regions, the beauty, intricacy, and engineering mastery which the
canal system embodies provides an inherently interesting set of content domains which,
as the Connecticut in the Classroom has demonstrated now for six years, powerfully
engages students in relevant dimensions of learning that are directly connected to the
ecosystem of the Connecticut River watershed, the habitat for the Children’s Museum
and all its partners in this grand enterprise.
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Lewis Mumford once proposed the local community and region as the
“backbone of a drastically revised method of study.” The study of the region
would ground education in the particularities of a specific place and would also
integrate various disciplines around the “regional survey,” which includes
surveys of local soils, climate, vegetation, history, economy, and society.
Mumford envisioned this as an “organic approach to knowledge” that began
with the “common whole—a region, its activities, its people, its configuration,
its total life.” The aim was “to educate citizens, to give them the tools of action”
and to educate a people “who will know in detail where they live and how they
live ... united by a common feeling for their landscape, their literature and
language, their local ways.” (Orr, 1994, p. 148; citations deleted)
A core concept that has informed and sustained the Initiative since its inception
has been the mandate to provide professional development for participating staff, both
museum professionals and Holyoke public school teachers. Considerable current
research supports this position. Fosnot (2005, p. 274) provides a clear example.
Just as young learners construct, so, too, do teachers. Teacher education
programs based on a constructivist view of learning need to do more than offer a
constructivist perspective in a course or two. Teachers’ beliefs need to be
illuminated, discussed, and challenged. Teachers need to be engaged in learning
experiences that confront traditional beliefs, in experiences where they can study
children and their meaning-making, and in field experiences where they can
experiment collaboratively. Only through such extensive questioning,
reflecting, and constructing will the paradigm shift in education—
constructivism—occur.
The genuine inclusion of teachers within an equally genuine constructivist
learning community is neither trivial nor readily accomplished. A passage by David
Hawkins (1990, p. 118; citation deleted) serves to highlight possible reasons for this
complexity.
I believe that our work differed from that of other centers [of teacher
training] in the emphasis we gave to teacher’s own fresh encounters with subject
matter. In a famous passage A. N. Whitehead spoke of a cycle of phases in the
process of educationally important learning. These phases, he said, are those of
romance, then detail, then generalization. In our teachers’ own educational
background the romance of scientific subject matter had often somehow been
wholly lacking. Indeed the schoolbook order usually reverses things. It starts
with generalizations, then tests the student’s grasps with detailed problems and
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examples, and lets romance evaporate. So it was that our offerings were often
aimed toward a rekindling of what in Whitehead’s sense may be called the
romance of subject matter, going on to some probing and exploration of detail,
from which finally generalization might begin to take shape.
“Our effort to define constructivist conditions for teaching academics is
prompted not just by the aim to ‘do no harm’ but also by the more positive aim of
optimal construction of knowledge, including academics” (DeVries & Zan, 2005, p.
148). Eisner, too (1991, p. 120), provides an elegant blueprint for the sort of
multivalent collegiality we strove to build in to the Initiative. He also sets forth a
critical array of impediments currently in place which make such flexibility difficult to
achieve.
The improvement of teaching, in my view, will require a redefinition of the
nature of a teacher’s role in the school. What I believe is needed is a school that
makes it possible for teachers to assume a variety of roles in the context of being
a teacher so that from time to time they can free themselves from the constraints
of their own classroom and assist other teachers and be assisted by them. At
present there are basically two roles for a professional in a school: teacher or
principal. I believe roles are needed that include mentoring responsibilities for
new teachers by veteran teachers, opportunities for teachers to engage in
curriculum development, opportunities for teachers to develop better assessment
methods, and many opportunities for teachers to carry out research with their
colleagues and with researchers from universities. In short, the school itself
must be a center for professional growth for teachers as well as for students.
This will require a reconceptualization of what it means to be a teacher.
I believe it worth noting that the respectful inclusion of teachers in this project
was implemented in the form of another action research protocol presaging th q ATCE
one under discussion. We organized their involvement in The Connecticut in the
Classroom in such a way that their teaching skills would be privileged and their

experience would be an integral and central part of all the curriculum and programmatic
development. In turn, the multi-year funding cycles afforded teachers the opportunity,
first, to prototype the lessons they developed about the Connecticut River into their
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classroom practice; second, to report out to their colleagues and to staff in partnering
organizations on the results of teaching those lessons to their classes in their
increasingly constructivist approach; and finally, to then move into training and
mentoring roles in their own right, guiding new cohorts of teachers being trained in
subsequent years of the Initiative to continue with the curricular and methodological
implementation.
Action research represents another approach to enhancing teacher learning by
proposing ideas to a community of learners. Action research is an approach to
professional development in which, typically, teachers spend 1 or more years
working on classroom-based research projects. While action research has
multiple forms and purposes, it is an important way for teachers to improve their
teaching and their curricula, and there is also an assumption that what teachers
learn through this process can be shared with others. Action research
contributes to sustained teacher learning and becomes a way for teachers to
teach other teachers. It encourages teachers to support each other’s intellectual
and pedagogical growth, and it increases the professional standing of teachers by
recognizing their ability to add knowledge to teaching. Ideally, active
engagement in research on teaching and learning also helps set the stage for
understanding the implications of new theories of how people learn. (Bransford,
Brown, & Cocking, 2000, p. 199; citation deleted)
The Connecticut in the Classroom Initiative’s school-focused component
exemplifies what Gardner (1993, p. 127) refers to as a “metacurriculum.” That is, it
serves to bridge across a number of topical domains ordinarily held as disjunctive, such
as social sciences, physical sciences, art, music, and math. Such elaborated bridging
came to be viewed as the meta-goal of the Initiative in its primacy of focus upon
respectful inclusion of teachers as full partners from the earliest planning through each
subsequent phase. Thomashow’s Ecological identity provided us guidance in thinking
through this demanding but educationally important bridging.
Ecological identity work requires the ability to overcome both internal and
external distractions, achieving a state of mind, a way of being, an approach to
life experience, and a philosophy of learning. The challenge is to experience
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ecological identity everywhere, not just in specific places—contained regions
such as nature centers or parks—but in the various domains of everyday life.
Often we reserve a time of the day or several weeks out of the year to schedule
our time to be in nature. But we are really in nature all of the time.
The great risk is that ecological identity work becomes compartmentalized,
fragmented, dislocated, something that we squeeze into “reserved” moments,
just another activity on the weekly planner, or something that people discuss in
environmental studies courses. Perhaps we view our time in nature as special
and sacred and the rest of our activities as distractions. However, ecological
identity work serves to integrate our lives; it enables us to envision ourselves as
human beings in nature, to be aware of the habits and distractions that promote
forgetfulness, to allow us to be attentive and present. It is a way of thinking
about our connections to the earth—the places where we live, the walks we take,
the water we drink, the food we eat, the air we breathe, the various ways we
consume natural resources.
As a curriculum for everyday life, ecological identity is oriented around four
overriding questions:
• Where do the things that I consume come from?
• What do I know about the place where I live?
• How am I connected to the earth and other living beings?
• What is my purpose and responsibility as a human being?
These questions are the foundations of environmental education. They
are so fundamental to human existence that we usually take them for
granted, yet they are a reminder of our forgetfulness, our inability to
focus on what is at hand and what is important. Most of us think about
these questions only sporadically, when a crisis compels us to look at
things differently. When there is a power blackout, we think about
where energy comes from. When there is a water shortage, we think
about aquifers and water cycles. When there is death or loss, we think
about the meaning of life. Ecological identity work brings these
questions to our full attention, by helping us to consider them as integral
to our daily awareness—as practitioners or citizens, in a variety of roles,
and in unlimited settings. (Thomashow, 1998, p. 179)
From Making connections: Teaching and the human brain I gleaned a
comprehensive and utilitarian list of relevant considerations to seek to build in to the
Connecticut in the Classroom; this list proved equally apt in clarifying the recursive
decision-making involved in shepherding the ATCE project over its development span.
Checklist of Useful Questions
• Are students involved and challenged?
• Is there clear evidence of student creativity and enjoyment? Are students
dealing appropriately with dissonance?
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•

Are students being exposed to content in many ways that link content to
life?
• Are students’ life themes and metaphors being engaged?
• Are there “hooks” that tie the content together in a big picture that itself
can make sense to students?
• Is there some sort of continuity, such as through projects and ongoing
stories, so that content is tied together and retains interest over time?
• Is there any sign of continuing motivation or student interest that
expresses itself above and beyond the dictates of the class?
• Is the physical context being used optimally?
• What do the setting, decorations, architecture, layout, music, and other
features of the context actually “say” to students/
• What sort of group atmosphere is emerging?
• Are there any signs of positive collaboration, and do they continue after
the lesson and after school?
• Do students have opportunities to reorganize content in creative and
personally relevant ways?
• Are there opportunities to reflect in an open-ended way on what does and
does not make sense?
• Are students given the opportunity to apply the material in different
contexts?
• Do students consciously and deliberately examine their performances in
those different contexts and begin to appreciate their own strengths and
weaknesses?
(Caine & Caine, 1991, p. 157)
Revisiting the goals that my colleague and grant co-author Dr. Helen Gibson

35

36

and I articulated during the initial Connecticut in the Classroom planning' , the core
concepts that emerged were making learning about the River as it impacts the lives of
everyone living in the Pioneer Valley more transparent, facilitating parents’ and
teachers’ efforts to convey targeted information to children, and affording children
multiple hands-on ways in which to learn progressively more richly developmental
skills and knowledge bases concerning water as it relates to their lives, using their
regional watershed as an accessible source of data across multiple domains from science
and math to art and history. Most broadly, we wished to provide “ . . . a curriculum for
everyday life . .. “ (Thomashow, 1998, p. 179). The very definition of watershed, “ . . .
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an area of land, defined by its topography, within which all water flows to a common
point such as a pond or a river” (Natural Heritage & Endangered Species Program,
2003, p. 50) suggests an attribute of place of the Pioneer Valley portion of the
Connecticut River watershed most appropriate as a standpoint from which to extend this
enormously relevant curriculum. An excerpt from the Connecticut in the Classroom
Curriculum Guide produced with the input of the Holyoke Public School teachers sets
forth the overall structure of the Initiative as it impacts their classroom practice.
The Connecticut in the Classroom Guide is based on the premise that the most
effective learning takes place in the real world watershed outside the classroom
door. While many of the activities can take place within the walls of your
classroom, others will invite you to step outside to explore a little farther afield.
The lessons in this guide are organized into two grade groups; K-2 and 3-5.
While the lessons are in order of simple concepts spiraling to more difficult
ones, individual lessons can be used without doing the other activities in that
section. We have attempted to vary the subject areas within each strand to
provide cross-disciplinary learning experiences around study of the river. Each
lesson contains a list of resources as well as Massachusetts Science and
37
Technology Frameworks connections and a list of applicable MCAS sample
questions. (Children’s Museum at Holyoke, Holyoke Public Schools, &
WGBY/PBS/The Connecticut River Education Initiative, 2004, p. 4).
Dewey’s important concept of the need to revisit major ideas and principles
regularly over long spans of time to tap into children’s developing cognitive capacities
informed this portion of the work. “In short, education for understanding entails the
necessity for a “spiral curriculum” in which rich, generative ideas are revisited time and
again across a student’s career in school” (Gardner, 1993, p. 192). This point was
reviewed on many occasions along the A TCE project’s timeline, in an effort to keep the
exhibit closely aligned to the approaches of the teachers and museum staff who will use
it in this way. It informed much of the thought about ways to integrate exhibit-related
programs into various grade levels in the Holyoke public schools; it also served as a
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reminder of the stated need to provide multiple points of entry for children into the
exhibit.
From the first year of the planning grant, a water exhibit was built into the
curriculum as the essential tool, or learning laboratory, to be used in hands-on, mindson demonstrations with school groups. Since water was the overarching theme of the
Connecticut in the Classroom, the majority of prototype activities I developed for

museum facilitators to use with school groups were based on water. It’s much easier to
do those sorts of activities in an exhibit area that’s set up for waterplay than in a more
standard learning space. The museum had a 400 square foot water table that became the
focal point of the workshops. This arrangement evolved, after three years of program
prototyping, into Project Director Silver’s At the Canal’s Edge exhibit concept.
Ms. Silver authored the grant proposal which the Institute of Library and
Museum Services funded for $120,000 for a two-year planning and implementation
cycle. She and her colleagues on staff envisioned it as the means by which to create a
much richer and more specifically Connecticut River-themed exhibit environment than
the one in place on the museum floor. That extant system, called the Body of Water,
dated from 1995; it was far from adequate as her principal pedagogical realm,
particularly now that the museum needed to use it as a teaching device when presenting
water-based, developmentally-cued activities and workshops to literally hundreds of
school groups visiting from Holyoke and surrounding public school systems to take
advantage of the rapidly expanding Initiative outreach expertise. The system had not
been designed for such high volumes of users, either in terms of scale or of structural
and mechanical robustness. It was clear that a far more elaborated system was needed;
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fortunately, IMLS concurred, and through the mechanism of that agency’s funding, the
ATCE project was officially shepherded into actualization.
Thus, this dissertation-framed exhibit was conceptualized as a necessary inhouse element, an organically-evolved system intended to provide solutions to stated
organizational needs for a comprehensive and creative venue in which to give visiting
school groups, as well as all other visitors, the desired depth of discovery-centered
learning about water generally, and the regional watershed more specifically, that had
been inadequately addressed prior to this point in the museum’s range of available
offerings. This is a most interesting and quite atypical path by which to bring an exhibit
to a museum floor. Generally, the process centers initially on brainstorming possible
topics that would be interesting to museum visitors, relevant to the museum mission and
goals, and appropriate contextually with the other exhibit and program offerings of the
institution. In this instance, all those factors of front-end evaluation had been done,
albeit rather informally but nonetheless deeply and broadly, over the previous three
years that the small Body of Water exhibit had served, again less than optimally, as the
focal point for the Initiative programming. From that extensive though intuitively
orchestrated array of observations, it was clear to all staff that a water exhibit was
highly efficacious at the museum as an anchoring educational element; that it was
powerfully interesting to children from toddlerhood through adulthood; and that it
connected richly with the museum mission of serving children and with long-term
institutional goals of consolidation of existing visitor base and facility expansion. Thus,
Silver’s ATCE concept, essentially identical to that which was written into the MCC
grant that created the Initiative, of a significantly enlarged and elaborated version of the
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Body of Water with strong Connecticut River thematics, was one that the rest of the
staff as well as the Board and Executive Director readily and enthusiastically endorsed.
The exhibit was also viewed as a highly visible way in which to solidify existing
partnerships with other local and regional organizations serving children and families in
educational domains, a primary focus of the Initiative from its earliest conceptioning.
While the original and foundational ongoing museum/public schools partnership has
continued to be the conceptual and operational cornerstone, A TCE has also provided an
authentic and non-trivial path of entree by which to invite new partners in to the
evolving Connecticut in the Classroom Initiative as well as to support existing working
relationships. At present, for instance, I am working to formalize a reciprocal
arrangement between CMH and the Community Service Learning Scholars Cohort at
Holyoke Community College, in which college students will provide mentoring and
workshop-facilitating services to the museum while learning information about
sustainability, ecological consciousness, and informal learning pedagogy. Such
approaches and intentions are supported by a passage from Lessons without limits: How
free-choice learning is transforming education.
The most important take-away message from all of this is that facilitating
learning in appropriate physical contexts is not a waste of time; in fact, it is the
opposite that tends to be a waste of time. Learning in appropriate settings is
likely to be long remembered and easily transferred to new situations. Learning
in irrelevant or inappropriate settings is likely to be little remembered and
difficult to generalize to new situations. Children need to be out in the world,
adolescents need to be doing real things that really matter, and adults need to
have access to multiple experiences and information sources. (Falk and
Dierking, 2002, p. 174)
“The buzzword of the day is sustainability” (Falk & Dierking, 2000, p. 223).
We viewed the A TCE project, and 1 view the more constrained dissertation, as a lucid
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index of just that, a highly public venue in which to consolidate and disseminate gains.
“These are local experiments nested within larger ones” (Schon, 1983, p. 131). New,
innovative exhibits are the sorts of accomplishments which provide photo opportunities
for local, regional, and even national media to promote the museum to an ever-widening
audience. This both generates exposure (such an item, whether print, audio, or
television, is generally seen as more valuable, because less overtly biased, than
advertising of equivalent extents of time or space) and provides targeted information for
funders, who are also much more receptive to such press than to internal assessments.
Only the work of outside evaluators is held in higher esteem and thus more carefully
reviewed by granting individuals, foundations, corporations, and government entities.
Finally, the intentionalities undergirding the project are more specifically cross¬
domain than are typical for such enterprises. Such results are usually more sharply
constrained in topical regards: a science table (with a focus on aquifers, flood plains,
pollution, the water cycle, or irrigation); a history diorama (providing a to-scale
reconstruction of a given region at a particular point in time); or a play table (in which
children are encouraged to find affordances of density, floating and sinking, channeling
and dam-making and the like through provided materials and equipment). We, in
contrast, opted to provide operationally engaging activities which integrally and
transparently connect an extensive array of Connecticut River-derived topics across the
curriculum, in domains from art to physics, as well as scaffolding competencies across
a broad spectrum of developmental levels. From the work already done during the first
years of the project, it has been clearly demonstrated that the topic of the river (and
more expansively, water) is more than sufficiently encompassing to engender such
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connectivity in themes, projects, and learning enterprises for children in the target
developmental bracket of pre-school through middle school. This newest and most
physical extension now serves as a standpoint from which children (and their parents,
caregivers, and educators) can explore equivalent cross-domain connections through the
richly aesthetic, discovery-directed equipment of a constructivist exhibit.
CMH consequently is a significantly enhanced and demonstrably more richly
endowed institution as a result of our, and my, action research efforts than it was
previously, and—as the rest of this dissertation sets forth—than it would have been
without the complex, multivalent input these efforts provide.
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Notes
The history of the Connecticut in the Classroom Initiative will be summarized in
Project antecedents section, this chapter; the ways in which ATCE extended that
ongoing Initiative will be explained in the Summary section of Chapter 5.

2

Gardner, 1993, p. 199. Frank Oppenheimer was a physicist and the founder of the
Exploratorium, the Museum of Science, Art and Human Perception in San Francisco.

3

This had been my intuitively-held notion for a number of years prior, based on my
experiences taking young children in my care to Boston Children’s Museum and the
Acton Discovery Museums; I realized that children of very different ages and interests
were deeply and authentically engaged in the children’s museum environment, at least
in part because of the multiple paths of entry into a wide variety of interesting content
domains. Reading Gardner’s work helped me to ground and codify this realization.
4

For elaboration on Spock, cf. ACM: Consolidating trajectories section and endnote 31,
this chapter; for more on this core identifying phrase, cf. Museum context analysis
section in Chapter 2.
5 Cf. esp. pp. 175-181, Kid size: The material world of childhood fVitra Design
Museum, 1997).
6 John Holt (1989, p. 160) sums up the pessimistic stance toward this point of
discussion. He begins by stating, “Children are not only extremely good at learning;
they are much better at it than we are. As a teacher, it took me a long time to find this
out.” His elaboration then takes the discomforting premise considerably farther.
I can sum up in five to seven words what I eventually learned as a teacher.
The seven-word version is: Learning is not the product of teaching. The fiveword version is: Teaching does not make learning. . . . organized education
operates on the assumption that children learn only when and only what and
only because we teach them. This is not true. It is very close to one hundred
percent false.
7

Piaget’s extensive influence on the field will be discussed at length later in this chapter
in the Constructivism section, as well as in the Constructivism elaborated section of
Chapter 2.
8

The relatively promiscuous exchange of descriptors across much children’s museum
field-wide writing and other forms of discussion about maximizing children’s learning
is hampered by an unfortunate lack of lucidity as to specific meaning of exceeding
important, and not precisely interchangeable, terms. I would propose that this sort of
defining of relevant learning by such indiscriminately-modifying words or phrases as
inquiry-based, object-based, discovery-based, action-based, participatory, experimental,
experiential and the like needs to be given greater point by being used more contextspecifically, with greater semantic particularity. Such clarity of expression would
greatly ensure the probability that writer and reader, or speaker and listener, are
considering identical points and not merely related ones.
9 Piaget (1929/1951), p. 383.
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10 My concept of ways in which children’s museums function in this capacity is treated
at length in the Scaffolding environments section of this chapter.
11 This provocative assertion gives great point to a primary line of reasoning that
informed our work in thinking about this project, namely that children are naturally
developmentally prepared (e.g., biogenetically cued, “hard-wired”) to (be able to) pay
attention (which capacity for attention, equally naturally, leads effectively unfailingly to
efforts at agency) and to be particularly affected by inputs (read ‘experiences in the
museum setting,’ in this instance) which are multi-modal, that is, which invite
participation across multiple modalities, i.e., hearing, touch, smell, etc.
12 Elkind (1998), p. 163.
13

Howard Gardner provides interesting commentary on this developmental effect in
Art, mind, & brain: A cognitive approach to creativity (Gardner. 1982).
14 Hawkins (1990), p. 128.
15 Figure 240 in Chapter 5 depicts a clear example of such straightforward, direct textbased scaffolding of caregivers’ insights into child development.
16 “In brief, self-efficacy refers to our beliefs about our own capabilities” (Craig &
Dunn, 2007, p. 65); “ . . . self-efficacy, children’s growing sense of capability to master
challenges and achieve their goals” (Papalia, Olds, & Feldman, 2002, p. 286).
17 McNiff & Whitehead (2006), p. 22.
18

“ . . . a problem space ... “ is Karmiloff-Smith’s 1979 term, according to Gopnik &
Meltzoff (1997, p. 193).
19

An instance of this in the current work was my research trip to Lynchburg, noted
elsewhere (Chapter 3, Rightmire . . . section) as an outgrowth of learning about its
relevance to ATCE from attendance at an ACM InterActivity session in New Orleans.
20

The Institute for Museum and Library Studies (IMLS), a Federal agency; more
details are provided about this grant in Community partnerships section, Chapter 2.
21

Such protocol documents clearly serve their intended purpose in the institutions
which produced them. Houston Children’s Museum (HCM), for instance—a source for
an extensive set of such rubrics—is a superb example of the children’s museum genre in
large part due to the excellence of its in-house-created exhibits crafted using the guides;
Houston’s design and development teams also adhere stringently to these guidelines in
their production of high-quality, elaborate traveling exhibits rented to other museums
(personal notes from a presentation by Cheryl McCallum, Director of Education at
HCM, at ACM InterActivity Preconference, 10 May 2000, Baltimore MD). Houston
Children’s Museum is, however, many times the scale of the Children’s Museum at
Holyoke, hence with radically different needs and opportunities.
" This number is correlative with the expansion of the field; the first InterActivity I
attended, in Houston, TX in 1993, had approximately 300 registered attendees.
This topic is not nearly as transparent as it might first appear; in particular,
scaffolding children’s skills at asking deep rather than superficial domain-pertinent
questions is nuanced and challenging. Crowley & Callanan (1998), Duckworth (1987),
Siegler (2005), and Bransford, Brown, & Cocking (2000) each provide relevant
assessments and suggestions; cf. especially pp. 68 and 156-157, the latter.
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24

Cf. also The social context section, this chapter.

25

According to the ACM website, there are currently 341 Children’s Museum Members
in the Association, representing 23 countries, and with audiences of nearly 30 million
children and families visiting annually (http://www.childrensmuseums.org/index.htm;
retrieved 6/14/07).
26

Madison Children’s Museum professionals, as part of their institutional commitment
as recipient of the 2004 Promising Practice Replication Award, have designed,
developed, and now maintain a web site, http://www.greenexhibits.org, to disseminate
information about cutting-edge practices in the creation of environmentally responsible
exhibits and environments for children.
27

The Civil Society Institute’s web site states that the organization is “ . . . committed
to improving society with breakthrough thinking and creative action”
(http://www.civilsocietyinstitute.org/index.cfm; retrieved 6/6/07).
28

I am one of innumerable practitioners in the children’s museum field, and indeed the
museum field more expansively, who owe a deep personal and professional debt to
Mike Spock for his wisdom, collegiality, and extraordinary charm and generosity of
spirit. A small quote from Csikszentmihalyi and Hermanson (1995, p. 72) may serve to
suggest the extent and excellence of his influence: “Mike Spock, as experienced a
professional as they come . . . “
29

Gladwell (2000) presents a compelling case for the sociocultural phenomenon of
tipping points, constellations of events which, unpredictably, relatively suddenly, and
operating in aggregate, result in major change taking place in given domains of human
endeavor.
30

http://www.childrensmuseumholyoke.org/information/index.html (retrieved 17 June

2007).
31 Hiss (1990), p. 204.
32

Massachusetts Curriculum Framework Standards, the comprehensive set of
guidelines now in place in all public elementary and high schools in the state.
33

See Sense of place section, Chapter 2, for examples derived from Robert Haas’ work.

34

This concept, and the related topic of situated cognition, will be further unpacked in
the Sense of place and Situated cognition sections, respectively, of Chapter 2.
35

Dr. Gibson served then, as now, as Science Curriculum Specialist for the Holyoke

Public Schools.
36

I should mention that the majority of the planning took place during 2000, funded by
an initial $10,000 Planning Grant from MCC that Dr. Gibson and I had co-authored. I
was the manager of the pilot project; the handling of that project was sufficiently
exemplary that it provided us with the template for the proposal which was funded to
the maximum amount available.
37

The Massachusetts Comprehensive Assessment System, the high-stakes test that is
now used statewide to determine whether students graduate from public high schools.
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CHAPTER 2
BACKGROUND AND CONTEXT
There is nothing quite so practical as a good theory. Kurt Lewin

I will begin this chapter with a systematic literature review, providing an
extensive summarization of previous research which informed each phase of the work I
did on this project, both individually as the researcher and as a participant in the
collective action research endeavors of the development team. In so doing, I will more
fully flesh out explications of action research and constructivism and of inquiry-based
and creativity-inflected learning theory touched on in chapter one. Since this
dissertation is an effort to comprehend and when possible to extend extant theory as it
connects powerfully to practice, my literature review will contribute to that effort by
first clarifying the major theoretical underpinnings that inform the children’s museum
field more generally.
I will then narrow the focus of the discussion to highlight elements of this
overarching theory most salient to the Children’s Museum at Holyoke project being
investigated. Part of the utility of applying this research base to the development of the
project has been the opportunity it provided me to subtly “ . . . introduce the exposing
phrase ...” (Geertz, 2000, p. 15)—that is, to insert, occasionally rather even to
insinuate my perspective in a nuanced, unobtrusive and, I trust, not-unduly-intrusive
manner into the ongoing planning dialogue by couching it in the phraseology of an
esteemed external guide or model, a collectively respected source from the academic or
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research community, hence subliminally validating suggestions otherwise possibly
more open to critique if they were thought to be exclusively my opinion.

Constructivism revisited
Remember, theories are meant to be useful, not necessarily true. Berger-

Throughout this discussion of theoretical influences and implications, I have
worked to keep issues of learning paramount, subsuming all other considerations,
framings, and intentionalities, including such subsets as heuristics, strategies,
metacognitive reflection, or generalizing of newfound comprehension from one context
to another. This approach is correlative to the sensibility expressed in Dykstra (2005, p.
241), when he quotes Ferreiro as saying, “There is no neutral pedagogical practice.
Every single one is based on a given conception of the learning process and of the
object of such a process.” This conception is directly congruent with children’s
museum theory and practice. In other words, I view the integrated, conceptually
coherent constellation of theoretical premises and principles which I present as being
quite fairly representative of those grounding the work of the field at large and of the
CMH project as a local subtext thereof, and as being fully predicated on a particular
standpoint toward exemplary (read constructivist) learning processes and learning
environments.
In fact, I would like to use constructivism, the general explication of which was
uncovered in Chapter 1., as the conceptual bridge into the description and explanation
of the metatheory underlying field-wide praxis. The field at large, and certainly I as a
representative thereof, holds an eclectic theoretical orientation; this resonates with the
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sensibility articulated by Clark (2000, p. 102): “I propose, therefore, to argue for a
somewhat ecumenical orientation.” The overarching theoretical underpinnings of the
children’s museum field to be discussed derive from what are commonly termed grand
theories, most especially those of Piaget and Vygotsky. Introducing their theories by
means of a constructivist path is particularly appropriate since their two related but
distinct bodies of work provide the principal support for the two core versions of
constructivist pedagogy most consistently and extensively cited in the field, namely
Piaget’s cognitive constructivism and Vygotsky’s social constructivism. Fosnot &
Perry (2005, p. 8) explain this psychology of pedagogy in instructional terms.
Psychology—the way learning is defined, studied, and understood—
underlies much of the curricular and instructional decision-making that occurs in
education. Constructivism, perhaps the most current psychology of learning, is
no exception. Initially based on the work of Jean Piaget and Lev Vygotsky, and
then supported and extended by contemporary biologists and cognitive scientists
as they studied complexity and emergence, it is having major ramifications on
the goals that teachers set for the learners with whom they work, the
instructional strategies teachers employ in working toward these goals, and the
methods of assessment used by school personnel to document genuine learning.
In his introduction to the second edition of Constructivism: theory,
perspectives, and practice. Ernst von Glasersfeld explains several core aspects of
constructivism.
The key idea that sets constructivism apart from other theories of cognition
was launched about 60 years ago by Jean Piaget. It was the idea that what we
call knowledge does not and cannot have the purpose of producing
representations of an independent reality, but instead has an adaptive function.
. . . Piaget took the notion of adaptation out of the biological context and turned
it into the cornerstone of his genetic epistemology. He had realized early on that
whatever knowledge was, it was not a copy of reality. The relationship of viable
biological organisms to their environment provided a means to reformulate the
relationship between the cognitive subject’s conceptual structures and that
subject’s experiential world. Knowledge, then, could be treated not as a more or
less accurate representation of external things, situations, and events, but rather
as a mapping of actions and conceptual operations that had proven viable in the
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knowing subject’s experience. ... In his view, what we see, hear, and feel—that
is, our sensory world—is the result of our own perceptual activities and
therefore specific to our ways of perceiving and conceiving. Knowledge, for
him, arises from actions and the agent’s reflection on them. The actions take
place in an environment and are grounded in and directed at objects that
constitute the organism’s experiential world, not things in themselves that have
an independent existence. Hence, when Piaget speaks of interaction, this does
not imply an organism that interacts with objects as they are, but rather a
cognitive subject that is dealing with previously constructed perceptual and
conceptual structures. . . . The conceptual structures that constitute meanings or
knowledge are not entities that could be used alternatively by different
individuals. They are constructs that each user has to build up for him- or
herself. And because they are individual constructs, one can never say whether
or not two people have produced the same construct. At best one may observe
that in a given number of situations their constructs seem to function in the same
way, that is, they seem compatible, (von Glasersfeld, 2005, pp. 3 ff.)
Later in that text, DeVries & Zan (2005, p. 144) additionally parse constructivist
from “ready-made” understandings, in the framework of adult-child interactions:
Respect for children’s reasoning includes reasoning both about the world of
people and about the world of objects. By refusing to be all-knowing or allpowerful, the constructivist teacher opens the way for children to struggle with
issues and not rely on adults for truths and values. Teachers who take an
“expert” attitude lead children to look to adults to define both truth and moral
values. When ready-made truths and values are “pasted on” the child’s
egocentric understanding, these are empty verbalisms that do not transform the
child’s reasoning. In contrast, adult cooperation liberates the child’s mind to
construct personal beliefs about truth and value. Only self-constructed truths
are really understood, and only self-constructed values are real convictions that
will guide behavior in the absence of adult constraint. (Emphasis added)
Such deep respect for the validity and vitality of children’s self-constructed
learning is foundational. In her epilogue to the same text (Fosnot, p. 276; citations
deleted), Fosnot synthesizes the current view toward constructivism thusly: “Today we
see ‘mind’ as the result of the human construction of coherence [an analogue of what in
Ch. 1 I referred to as the making of meaning], of explanation within communities of
discourse as problems posed and solved.” Likewise, “Education must be predicated on
an appreciation that each human experiences and finds meaning in the world in a
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unique, highly personal way. Knowledge and understanding are not absolutes, but
personally constructed views of reality” (Falk and Dierking, 2002, p. 171).
In considering outcomes and objectives of learning, educators must appreciate
and reexamine the difference between memorization and meaningful learning.
We must get beyond the notion that learning is determined by preconceived
outcomes. . . . Even “discovery learning” is often just a guise for having students
arrive at predigested understandings. Meaningful learning, on the other hand, is
essentially creative. All students must, therefore, be given permission to
transcend the insights of their teachers. We must also reject a definition of
“meaningfulness” that is restricted to some notion of intellectual understanding
devoid of an emotional connection that is experienced as a “felt” sense for an
idea or procedure. In fact, we argue that “felt meaning” is what we have when
we perceive a pattern or make the connections that matter to us. That felt sense
is at the heart of genuine expertise in every domain, and it must be incorporated
into the teaching of every subject. Moreover, this sense of interconnectedness,
which occurs when emotions and cognition come together, is a key to the
appreciation of life and learning and to overcoming the downshifting that so
often precludes us from functioning compassionately and effectively. (Caine &
Caine, 1991, p. 92)
It is this emphasis on the inextricable link between cognition and affect, also
first referred to in Chapter 1, that in large measure distinguishes CM pedagogy from
more traditional, exclusively conceptually-predicated approaches.
The notion that much of what we learn is gathered from experience is not new.
It is part of what links many prominent writers and educators, such as John
Dewey, Alfred North Whitehead, and Maria Montessori. Unfortunately, their
message and the phrase “learn from experience” have a great deal of hidden
depth that is almost invariably ignored. In particular, many educators subscribe
to the notion that learning from experience is only one type of learning. This is
illustrated by those who differentiate between lectures and experiential learning,
and who equate experience with some sort of participative activity closely
linked to vocational training. . . . Our definition of experience far surpasses such
a narrow conceptualization.
We have established that we are all immersed in complex, global experiences
every moment of our lives, much as a fish is surrounded by water. The locale
system constantly monitors our movement in space; our sensory and motor
systems are engaged in every life activity; we explore every event for meaning
in a way that involves our emotions and thoughts and visceral body. One of the
most important lessons to derive from the brain research is that, in a very
important sense, all learning is experiential. What we learn depends on the
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global experience, not just on the manner of presentation. Dewey fully realized
this. He wrote:
We never educate directly, but indirectly by means of the environment.
Whether we permit chance environments to do the work, or whether we
design environments for the purpose makes a great deal of difference.
And any environment is a chance environment so far as its educative
influence is concerned unless it has been deliberately regulated with
reference to its educative effect. (Caine & Caine, 1991, p. 104; citation
deleted)
Dewey’s point, especially, supports my earlier assessment that the deliberately
crafted environments of children’s museums are purposively supportive of indirectly
choreographed but powerful learning. The overall standpoint is amplified by a number
of others from quite different social analysts, including Clifford Geertz.
Since Dewey, it has been much more difficult to regard thinking as an absention
from action, theorizing as an alternative to commitment, and the intellectual life
as a kind of secular monasticism, excused from accountability by its sensitivity
to the Good. (Geertz, 2000, p. 22)
While Dewey (1859-1952), Piaget (1896-1980) and Vygotsky (1896-1934) are
mentioned with great regularity in articles dealing with the theoretical bases of the field,
Maria Montessori (1870-1953) is referenced far less often. I find this an unfortunate
oversight; to my mind, her concept of the prepared environment as well as the many
imaginative, elegant, and intuitively accessible didactic materials she developed map
precisely onto the learning environments and equipment that have come to typify
children’s museums. While the thrust of her work was in creating school environs,
many of her constructs transfer fully to any informal learning environments intended for
children. Perhaps most applicable is her approach to scale, namely that each item in the
child’s surroundings needs to be of an appropriate size and shape for use by that child,
rather than being designed for use by adults. Her complete faith in the essential
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competence and intent of the child also parallels totally the orientation and consequent
organization of children’s museums, predicated as they typically are on precisely those
presuppositions of children’s essential capability, intrinsic interest in learning, and
possession of, quite commonly, an exquisite generosity of spirit. Oldiges’ chapter in
Kid size: The material world of childhood emphasizes these points.
The essential principles of Montessori’s model came from her observation that
children are capable of pursuing an activity for a long period of time with the
utmost dedication and concentration. They are in a contemplative state, “the
child, the object and the environment merge into one unit.” . .. She recognized
this ability to concentrate as the foundation for the child’s entire learning
process, and for the development of its personality. (Oldiges, 1997, p. 175;
citations deleted)
Along with everyday exercises and movement exercises, Montessori’s method
emphasized sensual exercises, the particulars of which could serve as a basis for much
of the content in current “cutting edge” models of children’s museum early childhood
spaces, such as Boston Children’s Museum’s PlayScape, Minnesota Children’s Habitot,
Little CMoR [sic] at the Children’s Museum of Richmond, or Austin Kiddie Limits and
Rising Star Ranch at the Austin Children’s Museum.
Sensual exercises aim to inform the sensory perception. Materials used here
include bottles of smelling salts, sound boxes, boxes with color images, shape¬
sorting boxes, weight cards, geometric objects, boxes of assorted letters and
many more. The didactic intentions of the development materials are geared
toward the development of intelligence, based on the refinement and training of
the senses and of movement. (Oldiges, 1997, p. 176; citations deleted)
The Prepared Environment also includes the arrangement of the interior and its
furnishings, which must respect the children’s physical and mental
independence. Other reformers before Montessori—among them Rousseau,
Pestalozzi and Froebel—had advocated a more moral, child-oriented education.
But Maria Montessori was the first to demand a fundamental reorganization of
the interior arrangements of nurseries and schools as a consequence of the
child’s autonomy. . . . She banned traditional school desks, replacing them with
individual pieces of furniture. . . .
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If a child is to be independently active, the scale of its [sic] interior environment
must correspond to its own scale. “The first step is to transform the classrooms
into proper little children’s houses and to equip them with objects which reflect
the stature and strength of the actual occupants: small tables and chairs and
washtables, small versions of bathroom equipment, small carpets, tablecloths
and crockery.” All objects should be lightweight so that even the youngest child
can carry them, in case (she) wants to work somewhere else in the room or even
leave the room for the garden. On top of that, furniture should be clear and
simple in design, pretty and harmonious in outline and color, be painted in light
colors, and be “beautiful and inspiring.” “A children’s house should be
beautiful and pleasant down to the last detail, because beauty encourages
activity and work.” Everything—the proportions of the rooms, as well as of the
windows and doors—should be made with the height of children in mind.
Montessori in fact preferred curtains to doors, whose handles children are so
rarely able to reach. Shelves should be placed at an appropriate height so that
children can put things on them.
Finally, all the furnishings should be washable, not so much for reasons of
hygiene but to give the child the opportunity “for a welcome chore.” Montessori
observed the great pleasure and skill with which quite young children can
execute daily chores such as cleaning and tidying, as well as caring for plants
and animals .. .
The Prepared Environment... is geared towards children and their
development. It is ideal for children to strengthen their motor activity and to
blossom on a sensory, intellectual, emotional and social level. “Children make
us experience a humanity that is better than ours, a humanity full of innocent
vitality, strength and beauty.” (Oldiges, 1997, p. 178; citations deleted)
In the past few years, a number of presentations based on the pedagogy of
Reggio Emilia, the exemplary international model for preschool education based in that
province in northern Italy, have surfaced at ACM conferences.

I think this is a fine

cross-pollination of didactic domains that share commonalities but are in large measure
categorically distinct. In my view, however, a great deal of what is considered entirely
within Reggio’s sphere of influence was actually framed and articulated many years
before that system came into being under Loris Malagucci’s tutelage, both by
Montessori as suggested above and, in the more global sense of the educative
environment, by Dewey vis-a-vis his efforts at the University of Chicago Laboratory
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School in the early years of the twentieth century. Arguably, the most exportable
component of the Reggio Emilia model is the institutional privileging of aesthetics, both
as a mandate for beautiful environments in which to educate children and as a core
pedagogical principle guiding and informing children’s work across the curriculum.
Certainly the first of those benchmarks transfers in toto to the children’s museum field;
Montessori saw the parallel overarching situational reality nearly a century ago.
The privileging of the dynamic, the kinesthetic, and the object-centered,
experientially-directed orientation of learning as play and play as learning which
children’s museums and their advocates support is firmly grounded also in the teachings
of Dewey. I will let a rather brusque comment of his serve to validate the experiential
stance rather than what might be termed the preparatory stance, i.e., the mindset (typical
to much school organization) geared to ostensible or potential future utility rather than
to powerfully immediate immersions.
What, then, is the true meaning of preparation in the educational scheme? In
the first place, it means that a person, young or old, gets out of his present
experience all that there is in it for him at the time in which he has it. When
preparation is made the controlling end, then the potentialities of the present are
sacrificed to a suppositious future. When this happens, the actual preparation
for the future is missed or distorted. The ideal of using the present simply to get
ready for the future contradicts itself. It omits, and even shuts out, the very
conditions by which a person can be prepared for his future. We always live at
the time we live and not at some other time, and only by extracting at each
present time the full meaning of each present experience are we prepared for
doing the same thing in the future. This is the only preparation which in the
long run amounts to anything. (Dewey, 1938, p. 49)
This provides a thought-provoking response to so-called standards-based
curricula. Inherent value of immediate and immersive as opposed to futurity-driven
pedagogical stances is predicated, also, on genuine engagement rather than on trivial
interchange with the situation at hand. Again, as developers of educative elements and
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circumstances, we strive to create attractive platforms for this active participation.
Dewey (ibid, p. 67) framed such authentic involvement as an imperative.
There is, I think, no point in the philosophy of progressive education which is
sounder than its emphasis upon the importance of the participation of the learner
in the formation of the purposes which direct his activities in the learning
process, just as there is no defect in traditional education greater than its failure
to secure the active co-operation of the pupil in construction of the purposes
involved in his studying.
His sense, “...lam... confident of the potentialities of education when it is
treated as intelligently directed development of the possibilities inherent in ordinary
experience ... .” resonates deeply with the sensibilities of children’s museum
professionals and researchers as well. “The fundamental learning situation is one in
which a person learns by helping someone who really knows what he is doing”
(Alexander et al., 1977, p. 413). As is noted in a National Science Foundation (n.d., p.
7) monograph for professionals in science, mathematics, and technology education,
For Dewey, inquiry teaching involved allowing children to learn from direct
experience and cultivate their natural curiosity. He believed that the essentials
of creative thinking were contained in the processes of science, and that
intellectual activity was much the same whether in the kindergarten or the
scientific laboratory. Organizing learning in this way, he argued, would enable
teachers and students to integrate knowledge across the disciplines through the
cultivation of disciplined habits of mind, and allow learning to unfold in a way
that respected the intellectual growth and age-specific concerns of the child.
. . .This approach derives knowledge from prolonged observation and
experimentation, and from the exploration of fundamental questions. How do
organisms eat, avoid being eaten, and survive to reproduce? How do they
ensure their survival and the survival of their offspring—thereby avoiding
extinction in a world governed by the laws of natural selection? And what is the
place of human beings in this world of biological imperatives?
Jerome Bruner made reference to this arena of deep experiential engagement as
well when he presciently suggested, in 1960, that “ ... motives for learning must be
kept from going passive in an age of spectatorship, they must be based . . . upon the
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arousal of interest in what there is to be learned, and ... must be kept broad and diverse
in expression” (Bruner, 1960, p. 80). It is the rendering visible, actual, and
comprehensible of this constellation of crucial criteria, broad and diverse, which
informed and motivated our own efforts as educational designers of an exemplary
experiential learning laboratory.
It is important to recall the distinction between memorization of surface
knowledge and the expansion of natural knowledge. Memorization can be
likened to storage. There usually is no provision made for a fundamental shift
or development of higher order inside the learner. If it does occur, it is rare and
left to chance. The acquisition of natural knowledge through immersion is
different. There are many fundamental shifts, large and small, generated within
the learner as new knowledge links with what is familiar or meaningful.
Moreover, these shifts are neither directed nor controlled by the learner.
Acquisition of natural knowledge is the result of the entire process. When
immersion is orchestrated properly, including the fact that the learner is
intrinsically motivated, the learner will have spontaneous and often unnoticeable
shifts or flashes of insight—those “aha’s” [sic] that represent felt meaning. The
emergence of the “aha” is frequently preceded by periods of uncertainty or
ambiguity and hard, intrinsically motivated work requiring delay of other forms
of gratification. The uncertainty is natural because the relationship between the
information gleaned and parts of the self are constantly being rearranged,
enlarged, and reorganized. Karl Pribram calls this aspect of learning “active
3

uncertainty.” We suggest that this process is absolutely critical to helping the
brain make maximum connections and that it can proceed smoothly only in an
atmosphere of general safety and sufficient challenge. ... It is a largely selfgenerated reconstruction or reorganization that brings items together in a
coherent and meaningful way. This, of course, is at the heart of Piaget’s notion
of development. When the original state of equilibrium is disturbed, the
resultant disequilibrium must be reconciled because it registers as a disturbance.
It is reconciled when the learner moves to a broader or more inclusive notion—a
more sophisticated schema or map. (Caine & Caine, pp. 128 ff; citations
deleted).
A clarifying passage by Eleanor Duckworth, a brilliant educator at Harvard who
was also Piaget’s translator for many years, amplifies this statement, and provides
support to the indispensable value of hands-on, minds-on learning environments.
What Piaget later found less interesting . . . was that his insights into what
children really were capable of doing intellectually were nonetheless based on
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what they said. In his later work (after 1935) he looked much less at what they
said and looked instead at what they did. Through watching the development of
sensorimotor intelligence, before the development of language in a small child,
he found that the roots of logic are in actions and not in words. He followed the
development of this logic of actions through to adolescence, finding at every
step of the way that children were able to carry out activities that demand a good
deal of intelligence without necessarily using language that reveals this. In sum,
his early insight was that language often is a misleading indicator of the level of
a child’s understanding; a second insight was that there is a good deal of logic in
children’s actions that is not revealed by their verbal formulations. (Duckworth,
1987, p. 16)
“It is thus . . . indispensable to establish clearly and before all else the boundary
the child draws between the self and the external world” (Piaget, 1929/1951, p. 34).
One of Piaget’s most significant contributions is his notion that the young child
is quite different from the adult in several ways: in methods of approaching
reality, in the ensuing views of the world, and in the uses of language. Piaget’s
investigations concerning matters such as the concept of number and verbal
communication have enabled him to produce a change—indeed, one might
almost say a metamorphosis—in our ways of understanding children. As a
result of his work we have become increasingly aware that the child is not just a
miniature although less wise adult, but a being with a distinctive mental
structure that is qualitatively different from the adult’s. The child views the
world from a unique perspective. For example, the child below the age of seven
years truly believes that water, when poured from one container to another,
gains or loses in quantity, depending on the shape of the second container.
(Ginsburg & Opper, 1988, pp. 237-238)
An overarching component of Piagetian theory which informed much of our
discussion at CMH about developmental levels of children’s thinking is that of
operations.
As a general rule, formal operations are distinguished from concrete
operations in that the former constitute operations of the second degree carried
out upon the latter. Concrete operations, in fact, bear upon reality itself,
perceived or conceived, whilst formal operations proceed simply upon verbal
supposition, or on hypothesis based on symbols (as in mathematics) which
represent the former. (Piaget, 1946/1970, p. 116)
Finally, the notion of making the exhibitry and its related programmatics useful
in terms of conceptual accessibility was an explicit point of consideration deeply
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informed by Piagetian insight. I believe that I was able to provide significant assistance
to the other members of the planning team in this regard, in that they were not prior to
our work together versed in his extraordinary experiments and their documentation. Of
course, congruent with AR protocols, through my explaining elements of his theories to
my colleagues, I in turn gained deeper insight into specifics of how they could be
applied in all my design work with children, not just that connected to At the Canal’s
Edge.
Piaget’s theory stresses that current cognitive structures and new experiences
interact to arouse interest and stimulate the subsequent development of
understanding. Interest and learning are best facilitated if the experience
presented to the child bears some relevance to what he already knows, but is at
the same time sufficiently novel to present incongruities and conflicts. In other
words, Piaget proposes that the child’s interest is aroused when an experience is
moderately novel. . . This means that the experience is not so radically novel
that the child cannot assimilate it into current cognitive structures, and it is not
so familiar as to be immediately and effortlessly assimilated, and thus of little
interest. The principle is relativistic: by itself an event does not possess some
degree of interest. Rather, interest is derived from the interaction between the
state of the child’s mind and the properties of the thing to be known. At the
same time, moderately novel experiences present the child with cognitive
conflict. And according to the theory of equilibration, these conflicts serve as
the basis for reorganization of cognitive structures and subsequent development.
(Ginsburg & Opper, 1988, p. 243)
This highly relevant concept, which I will amplify in Chapter 3 by discussing it in the
context of a specific learning environment, that of the Creative Discovery Museum,
Chattanooga, TN, is further elucidated by DeVries and Zan (2005, p. 142).
Piaget viewed conflict as critical for development, including both conflict
within an individual and conflict between individuals. Conflict within an
individual is a key component in the equilibration process by which all
knowledge is constructed. Piaget emphasized the important role of interpersonal
conflict in facilitating the internal conflict by which an individual begins to take
more perspectives into account. For these reasons, conflict and its resolution are
part of the constructivist curriculum.
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These same authors (ibid, pp. 145 ff.) also provided us with the explicit
connection between Piagetian theory and ACTE exhibitry and programmatic
development in terms of the inviolate need for inherent interest of the overall topic and
any derived subtopics.
According to Piaget, interest is central to the actions by which the child
constructs knowledge, intelligence, and morality. Without interest, the child
would never make the constructive effort to make sense out of experience.
Without interest in what is new to him or her, the child would never modify
reasoning or values. Interest is a kind of regulator that frees up or stops the
investment of energy in an object, person, or event. It is fuel for the intellectual
motor. Thus methods aimed at promoting the constructive process must arouse
the child’s spontaneous interest that is inherent in constructivist activity.
Insisting that children do something in which they have no interest leads to lowlevel reasoning and to heteronomous submission to adult dominance.
Interest is the springboard for purpose. We feel strongly that we must help
children find their purpose in activities. We mean that children must find in the
activities something that they are motivated to do out of their own interest, not
because they are being asked to do them by the teacher. This principle,
however, does not mean that the teacher should never suggest purposes. The
teacher can suggest a purpose that inspires children’s genuine enthusiasm.
We knew from years of exhibit experience and from facilitated visits of
thousands of Holyoke public school children over more than five years that the topics
we were trying to tease out from the overall ATCE themes are typically in and of
themselves interesting and engaging to children (and are even, in some instances of
specific topic vis-a-vis specific children, riveting, fascinating, astonishing, or even
hilarious); however, to take this global understanding and particularize it was our
challenge.
Piaget also revealed how cognitive change is likely to occur if the context is
structured to allow gradual movement to the next higher level and that a concept
does not emerge suddenly, fully blown but, rather, through a series of partial
accomplishments that lead to increasingly comprehensive understanding.
(Santrock, 2006, p. 303; citation deleted).
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Piaget vastly increased understanding of children by means of an idea that
seems, as many of the greatest ideas do, ridiculously obvious once one has
understood it. All mental operation, he said, has two facets, which he calls
assimilation (changing your representation of the world to fit your ways of
thinking) and accommodation (adapting your ways of thinking to fit the world).
(Papert, 1993, p. 41)
I will close this Piaget-focused section with several qualifying points from Art,
mind, and brain, since they both fully support and pay homage to Piaget yet also note
the limits which constrain exclusive dependence on his epistemological parameters.
“Piaget’s contributions need no defense. . . . Nor have his contributions been merely
academic. For instance, much of the recent interest in child-centered learning and in
‘open instruction’ has been directly inspired by Piaget’s views of mental development
and the nature of thought” (Gardner, 1982, p. 14). In the passage immediately
preceding this one, however, he notes the following, exquisitely pertinent to the theme
oiATCE as well as to the guidelines for thinking about children which we were striving
to isolate and formulate:
In his zeal for capturing the operations of the mind, Piaget consistently
neglected the realm of feeling. We learn much from his writings about
children’s conceptions of water, but little about their fear of floods, their love of
splashing, their desire to be minnows, mermaids, or mariners.
I believe that we attempted diligently throughout the CMH enterprise to include
not only the superb developmental insights gleaned from Piaget but also additional
nuanced sensibilities of affect and ineffable creativity, suggested here by Gardner and
rendered lucid as well by other distinguished psychologists and educational theorists.
The intensive focus on topically relevant murals, crafted with ongoing and consistent
involvement of young adolescent museum volunteers, is one manifestation of those
efforts, pointing up local and regional topical implications through a visual, aesthetic
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modality. One would hope that they at least allude to minnows and mariners, if not
mermaids as well. The distinctly social version of constructivism first limned by the
Russian cognitive scientist Lev Vygotsky will serve here to fill in some of these
interactionally-influenced, affectively-constrained approaches.
Social context also influences what and how we learn. Learning is a social
activity, mediated mainly by small-group learning interactions. . . . learning is a
special type of social behavior and museums are a special kind of social
institution for facilitating it. Numerous anthropological studies have
documented that social forms of education can be highly effective in teaching
everything from concepts and facts to skills and attitudes.
Lev Vygotsky, a developmental psychologist interested in the social
foundations of cognition, developed a framework for understanding the role that
social mediation plays in learning. In Vygotsky’s framework, when a group is
confronted with a concept to teach or a problem to solve, the knowledge and
skill of any one group member influences the roles every other group member
will play in relation to one another. Knowledgeable group members support the
learning of less knowledgeable members by providing “scaffolding,” or support
in the learning process. Scaffolding can take the form of questions, cues, or
other learning supports.
Modeling is also a socially mediated form of learning that plays a significant
role in museum learning. Most people are familiar with learning by modeling: it
is generally accepted that it is easier to learn how to swing a baseball bat by
watching someone who does it well than by reading a manual. Many of the
social, emotional, and even intellectual abilities of humans are learned by
modeling the behavior of other humans, rather than through oral instruction.
How do people learn to be parents? How do people learn appropriate behavior
around other people? These are essential experiences that we learn nonverbally,
by modeling other people.
In the museum setting, visitors can learn by modeling their own social group,
other social groups, or museum staff and volunteers. Social types of learning
are extremely important, and evidence suggests that they are also long term; yet
they are frequently overlooked in discussions of learning in museums. Social
groups, and family groups in particular, are the primary learning environment
for humans.4 (Falk & Dierking, 1992, pp. 109-110; citations deleted)
In other words, “The social world mediates individual cognitive functioning”
(Hetherington, Parke, Gauvain, & Locke, p. 16). This Vygotskian social mediation is
typically called scaffolding; that utilitarian term, however, was actually coined by
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Jerome Bruner some decades after Vygotsky’s death (Fosnot, & Perry, 2005, p. 24).
Nonetheless, it is noteworthy that even Vygotsky himself (1962, p. 149), in
contradistinction to the social constructivist stance for which he is most noted,
acknowledged the possibility of unmediated (that is, directly/immediately perceived)
meaning-making: “Inner speech is to a large extent thinking in pure meanings.”
In Thought and language, Vygotsky (1962, p. 6) refers to this primacy of meaning¬
making by stating, “Closer study of the development of understanding and
communication in childhood, however, has led to the conclusion that real
communication requires meaning—i.e., generalization—as much as signs.”
It is interesting to note that Vygotsky also references Piaget, quoting the latter’s
statement that, ‘Logical activity isn’t all there is to intelligence.’ Vygotsky continues,
Imagination is important for finding solutions to problems, but it does not take
care of verification and proof, which the search for truth presupposes. The need
to verify our thought—that is, the need for logical activity—arises late. This lag
is to be expected, says Piaget, since thought begins to serve immediate
satisfaction much earlier than to seek for truth; the most spontaneous form of
thinking is play, or wishful imaginings that make the desired seem obtainable.
(Vygotsky, 1962, p. 13)
Finally, summarizing by synthesizing, I would like to insert another quote from
Vygotsky’s writings that support a Piagetian finding, to counter any sense that the two
grand theorists held substantially inherently contrasting views rather than effectively
mutually scaffolding or amplifying ones.
Nevertheless, the fact established by Piaget cannot be denied: The schoolchild,
though growing steadily in awareness and mastery, is not aware of his
conceptual operations. All the basic mental functions become conscious and
deliberate during school age, except intellect itself. (Vygotsky, 1962, p. 90)
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Learning Research
I will now move on to consider current research in brain-based work, infant
perception, cognitive theory, and relevant learning research more generally.5 Falk &
Dierking (2002, p. 77) point up the utility of recent advances in understanding brain
development for explaining child thought characteristics:
Using the new brain-imaging tools of PET scan and MRI, scientists have
discovered that the brain actually changes over time, confirming that not all
parts of the brain mature and become useful at the same time. These findings
confirm the developmental sequences described by psychologists such as Jean
Piaget and others. The brain matures from front to back, with the parts of the
brain most involved with concrete imagery developing first, while the part of the
brain most involved with higher and more abstract reasoning developing later.
Developing last of all, around the time of puberty and adolescence, is the part of
the brain that regulates higher level problem solving and moral reasoning.
Developmentally this means that older children begin to live in two worlds: the
world of the child and the world of the adult. Although children at this age may
seem less inquisitive and spontaneous than their younger counterparts, they are
very earnest and eager learners.
Fosnot phrases the contemporary standpoints thusly: “Today we see ‘mind’ as
the result of the human construction of coherence, of explanation within communities of
discourse as problems are posed and solved” (2005, p. 276; citations deleted).
The research areas relevant to the science of learning are demonstratively broad,
including cognitive development, cognitive science, developmental psychology,
neuroscience, anthropology, social psychology, sociology, cross-cultural
research, research on learning in subject areas such as science, mathematics,
history, and research on effective teaching, pedagogy, and the design of learning
environments. (Bransford, Brown, & Cocking, 2000, p. 277; emphasis added)
Certainly it is the last of these parsings which is most salient to the work at
hand. A presaging notion which connects to this, in privileging context and its primacy
in supporting learning, was articulated by Edward Hall some thirty years ago: “ . . .
people learn in gestalts—complete units—which are contexted in situations and can be
recalled as wholes” (Hall, 1976, p. 130). In related fashion, and again framed more by
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the social sciences than the neurosciences to follow, John Holt (1989, p. 95)
summarized the Piagetian notion of children as little scientists in the following succinct
passage.
The process by which children turn experience into knowledge is exactly the
same, point for point, as the process by which those whom we call scientists
make scientific knowledge. Children observe, they wonder, they speculate, and
they ask themselves questions. They think up possible answers, they make
theories, they hypothesize, and then they test theories by asking questions or by
further observations or experiments or reading. Then they modify the theories
as needed, or reject them, and the process continues.
A precise analogue is offered by Gleick in Genius: The life and science of
Richard Feynman.
It had already occurred to psychologists that children are innate scientists,
probing, puttering, experimenting with the possible and impossible in a confused
and local universe. Children and scientists share an outlook on life. If I do this,
what will happen? is both the motto of the child at play and the defining refrain
of the physical scientist. Every child is observer, analyst, and taxonomist,
building a mental life through a sequence of intellectual revolution, constructing
theories and promptly shedding them when they no longer fit. The unfamiliar
and the strange—these are the domain of all children and scientists. (Gleick,
1992, p. 19)
I find it to be of the highest order of import that the full thrust of current brainbased research validates the constructivist standpoint and sensibility that supported and
directed children’s museum practice for the past century. The neurological
development is, it turns out, not merely genetic, not exclusively a hard-wired program
of dendridic and synaptic exfoliation, to use the computational metaphor of current
cognitive science parlance. Rather, it is inextricably interwoven with the experiential:
rich, warm and nurturant interactions with primary caregivers generate not merely
affectively positive outcomes, but provide necessary stimulation for increased
complexity of neural connections. In like fashion, the richer and more inviting and
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intriguing the immediate physical environment, the correspondingly higher the number
and complexity of brain cell interaccommodations created. The intuitively obvious
point that children learn naturally, that the inherent drive to learn is both their
psychosocial and their biological birthright—the premise of progressive education
trends for well over a century and an inviolable children’s museum operating
assumption—is now being validated by new research from fields as disparate in goal
and method as cognitive neuroscience, evolutionary psychology, neonatal biology,
developmental psychology, and neuropsychology. Several excerpts from a 2003
keynote address given at the 21st Century Learner Symposium in Washington, D.C., by
University of California at Berkeley Professor of Psychology Alison Gopnik point up
and elaborate upon the accuracy of this analysis.
Over the last thirty years, we have learned more about what young children
know and do than we had known in the preceding 2000 years. And, what we
have learned has completely revolutionized our ideas about what young babies
and children are like. . . . even the very youngest children—newborns—already
know a lot about the objects and people around them; they even know
something about the language that they hear. . .. What babies do with their
brains as well as with their minds is try out lots and lots of possibilities. They
check them out against what they know about the world, seeing which ones
work and which ones don’t work, keeping the ones that work and getting rid of
the ones that don’t work. There is a parallel between the work that we’ve done
in psychology, which shows that very young children are learning a great deal,
and the work that has gone on in neuroscience, which shows that children have
strikingly active brains. ... So, the idea that somehow genes dictate the shape of
our brain and that that’s the brain we are going to have for the rest of our lives
has increasingly turned out not to be true. Every week we find out something
new that suggests that there’s more flexibility, more of what neuroscientists call
“plasticity,” more possibilities for change—especially in young children but also
throughout life—than we ever would have thought before. (Maher, 2003, pp. 9-

10)
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An example of her research summarized by Gopnik during that presentation, and
her interpretation of its implications, serves nicely to isolate and elaborate upon this
global character of children’s competence.
Most recently in my research we have been giving children scientific
problems to solve and seeing how they solve them. For example, we give a
child a box that has a switch and two gears that spin. There’s some causal
relationship between flicking the switch, putting one gear on and making
another gear go, but the children don’t know what the causal relationship is. We
show them various patterns of evidence, various combinations and permutations
of the switch moving, the gear moving, what happens to the switch, what
happens when you put one gear onto the other gear, etc. Then we can see if the
children will draw the right conclusions about the causal structure of this toy.
We have been doing this with very, very young children—two-, three-, and fouryear-olds. It turns out that they’re just as good as scientists, or for that matter as
NASA robots, at figuring out how a toy works just by seeing it and getting
experience. We show them the evidence and they draw the right conclusions.
In fact, we could even just give them the toy—literally hand it to them—walk
out of the room and leave the video recorder on and what we discover is that just
in their spontaneous play they do exactly the right things to find out what the
structure of the toy is like. ... We are beginning to demonstrate that children
really are like little scientists. They use the same kinds of techniques—testing
hypotheses, doing experiments, figuring out the results of those experiments—
that scientists use. But, the important thing is that the way they do it is in their
play. If we actually asked them, “tell me what the relationship is between the
statistical independence of the gear and the switch and the causal structure of
this gearbox,” we would not get very much from three- and four-year-olds. But,
if you simply give it to them and let them play, it turns out that exactly what
they are doing is figuring out the relationships between the statistical
dependence and independence of the gear and the switch and the underlying
causal structure of the gearbox. That’s a very brief summary of a much longer
story. (Ibid, p. 11; emphasis added)
I emphasized selected segments above because they focus attention on the
competencies of even very young children at interpreting the world effectively,
accurately, imaginatively, and even with genuine comprehension of relevant causal
vectors. “The desire to learn for its own sake appears to be a natural motive built into
the central nervous system” (Csikszentmihalyi, & Hermanson, 1995, p. 68). Once
again, this standpoint privileging children’s inherent as well as developmental
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competence has informed the field for over a century; however, to gain full support
from brilliant contemporary researchers for that orientation and set of suppositions is
most salutary.
What we have shown is that across domains, even very young children can and
do infer new causal relations from information about dependent and independent
probabilities. Moreover, they are able to integrate these formal inductive
inferences with substantive and domain-specific knowledge. (Schulz & Gopnik,
2004, p. 175)
Connecting this to a suggestion that T. Berry Brazelton made at the same
symposium places the full implication of child-centered pedagogy at center stage.
Brazelton (Maher, 2003, p. 24) noted that, “Activity is a very important part of
(children’s) growth. Couldn’t we teach kids on their feet in the first grade? Couldn’t
we give them a chance to learn how to learn and then make them sit down?”
Combining the total faith in children’s drive to leam, to make sense and make meaning
from their environment and their interactions, with their obvious need for physicality
rather than immobility goes to the very heart of children’s museum practice; the notion
of “seatwork,” so typical in standard schooling from kindergarten onward, is virtually
absent in our child-centered museums.
Overall, neuroscience research confirms the important role that experience
plays in building the structure of the mind by modifying the structure of the
brain: development is not solely the unfolding of preprogrammed patterns.
Moreover, there is a convergence of many kinds of research on some of the rules
that govern learning. One of the simplest rules is that practice increases
learning; in the brain, there is a similar relationship between the amount of
experience in a complex environment and the amount of structural change.
(Bransford et al., 2000, p. 125)
Andy Clark postulates an even more expansive interpretation connecting and
amplifying both the implications and applications of the cognitive sciences; his stance
also points up the extent to which brain-based research is still evolving.

At root, our minds too are organs for rapidly initiating the next move in realworld situations. They are organs exquisitely geared to the production of
actions, laid out in local space and real time. Once mind is cast as a controller
of bodily action, layers upon layers of once-received wisdom fall away. The
distinction between perception and cognition, the idea of executive control
centers in the brain, and a widespread vision of rationality itself are all called
into question. Under the hammer too is the methodological device of studying
mind and brain with scant regard for the properties of the local environment or
the opportunities provided by bodily motion and action. The fundamental shape
of the sciences of the mind is in a state of flux. (Clark, 1998, p. 8)
Perkins elaborates on this perspective of distributed cognition, providing support
for Clark’s concept that the environment is a literal as well as metaphorical participant
in the overall learning that can occur there: change the environment, change the
learning.
Human cognition at its richest almost always occurs in ways that are physically,
socially, and symbolically distributed. People think and remember with the help
of all sorts of physical aids, and we commonly construct new physical aids to
help ourselves yet more. People think and remember socially, through
interaction with other people, sharing information and perspectives and
developing ideas. The work of the world gets done in groups! . . .
One might sum up the person-plus [e.g., individual-plus-environment as
distributed-cognition exemplar, instantiation] perspective in two principles:
1. The surround—the immediate physical, social, and symbolic resources
outside of the person—participates in cognition, not just as a source of input
and receiver of output but as a vehicle of thought. The surround in a real
sense does part of the thinking.
2. The residue left by thinking—what is learned—lingers not just in the mind
of the learner but in the arrangement of the surround as well yet it is just as
genuinely learning for all that. The surround in a real sense holds part of the
learning. (Perkins, 1992, pp. 133-135)
Situated cognition
This stream of current thinking about thinking, focused on “ . . . situated
reasoning (that is, reasoning by embodied beings acting in a real physical
environment)” (Clark, p. 4), supports my assertions in Ch. 1 regarding the primacy of
the learning environment of children’s museums in their major contribution to world-

126

class pedagogical theory. In Beyond culture. Hall asserts that, “All situational behavior
has a temporal and spatial (proxemic) dimension” (Hall, 1976, p. 136). On page 99
(citation deleted), he amplifies this point: “ .. . much of people’s behavior is situationdependent (under control of the setting), to a much greater degree than had been
supposed.”
Most notably, a seriously revised conception of the infant mind has emerged—
not blooming, buzzing confusion, not ravenous fantasy whirling helplessly about
in blind desire, not ingenerate algorithms churning out syntactic categories and
ready-to-wear concepts, but meaning making, meaning seeking, meaning
preserving, meaning using; in a word, Nelson Goodman’s word, world¬
constructing. Studies of the ability and inclination of children to build models
of society, of others, of nature, of self, of thought as such (and, of course, of
feeling), and to use them to come to terms with what is going on round and
about have proliferated and taken on a practical edge. (Geertz, 2000, p. 211;
citations deleted, emphasis added)

i

This passage, and the following one as well, point up the inherent attribute of
children to construct comprehension-informed interpretive frameworks from the

n

disparate input of their interface with their immediate surroundings. These brain-based

»

explications of neuronal, synaptic, and other structural-functional characteristics
underlying cognition connect deeply and richly to evolving contemporary
understanding of the way in which learning occurs, particularly as it is driven by the
urge to make meaning and make sense of authentic contexts.
Almost ignored [in traditional pedagogy] is the immense capacity of the brain to
deal with and instantly remember the moment-to-moment events that constitute
life experience. Even more neglected and underused is the innate predisposition
of the brain to search for how things make sense, to search for some meaning in
experience. This translates into the search for common patterns and
relationships. It is a matter of finding out how what is being learned relates to
what the learner already knows and values and how information and experiences
connect. In essence we have to come to terms with meaningful learning and the
art of capitalizing on experience. Although all learning is brain based in some
sense, to us brain-based learning involves acknowledging the brain’s rules for
meaningful learning and organizing teaching with those rules in mind. That is
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when we are teaching to the human brain. (Caine & Caine, 1991, p. 4; emphasis
in the original)
This insight, finally, allows a segue of the discussion into a core concern for
children’s museum professionals and cognitive scientists alike, namely the robustness,
durability, and cross-domain applicability of new knowledge, the likelihood of the
learner to be able to transfer it to divergent but conceptually similar situations, of her or
his own volition—one of the most pressing concerns of children’s museum exhibit
designers in general and certainly of all of us involved with the ATCE exhibit in
particular.
When people think about transfer, it is common to think first about learning
something and then assessing the learner’s abilities to apply it to something else.
But even the initial learning phase involves transfer because it is based on the
knowledge that people bring to any learning situation [this point connects back
to my emphasis, in Chapter 1., on the need to focus on and support children’s
extant competencies] . .. The principle that people learn by using what they
know to construct new understandings . .. can be paraphrased as “all learning
involves transfer from previous experiences.” This principle has a number of
important implications for educational practice. (Bransford, et al., 2000, p. 68)
Such emphasis upon the relevance of epistemology to basic pedagogical practice
is extended by Falk and Dierking in Lessons without limits:
It seems too obvious to state, but educational research and practice in America
should be based on the best and most current research on human learning.
Currently, educational practice in most schools, universities, work place
educational programs, museums, community programs, and on the Internet,
suffers from a profound ignorance of the nature of human learning. This must
change. (Falk and Dierking, 2002, p. 170)
Affordances
Let us move now from this interpretation of cognitive theory to a related but
distinct supporting interpretive framework. As I indicated in Chapter L, I hold a core
underpinning of field-relevant theory to be the concept of affordances, those attributes
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inhering to objects and environments which, by their very nature, provoke experiment,
experience, and enterprise through children’s interactions with them. It is, on this
viewpoint, the identification, isolation, and inspired manipulation of objects and
systems rich in these affordances upon which creative designers and developers of
children’s museum exhibits and spatial envelopes rely—whether from explicit or
implicit standpoint—in their efforts to render ever more imaginative learning contexts.
This ecological construct (in the Bronfenbrennerian sense rather than the Green one)
provides a robust conceptual bridge between the constructivist grand theories of Piaget
and Vygotsky, the brain-based insights into aspects supporting optimal learning, and the
array of subtopics to follow, including play-focused learning, museum-context learning,
and family-centered free-choice learning enterprises. In the following passage, Santrock
provides a comprehensive overview of this lens focused upon a perceptually-centered
array of opportunities.
For the past several decades, much of the research on perceptual development in
infancy has been guided by the ecological view of Eleanor and James J. Gibson.
They argue that we do not have to assemble bits and pieces of data from
sensations and build up representations of the world in our minds. [Again, see
Clark, 1996, for a compelling integration of the Gibson’s perspective with
Piagetian constructivism; he clarifies the danger of possible misconstrual of
conflict between these two categorical standpoints, and points up their
commonalities]. The environment itself is rich with information; our perceptual
system selects from that rich output.
According to the Gibsons’ ecological view, we directly perceive information
that exists in the world around us. Perception brings us into direct contact with
the environment to interact with and adapt to it. Perception is designed for
action. Perception gives people such information as when to duck, when to turn
their bodies through a narrow passageway, and when to put their hands up to
catch something.
In the Gibsons’ view, all objects have affordances, which provide
opportunities for interaction with the objects to perform specific activities. A
pot may afford a chef something to cook with and may afford a toddler
something to bang. Adults immediately know whether a chair is appropriate for
sitting, a surface is safe for walking, or an object is within reach. We directly
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and accurately perceive these affordances by sensing information from the
environment—the light or sound reflecting from the surfaces of the world—and
from our own bodies through receptors in the muscles, joints, and skin, among
others. [This point refers back, as well, to the kinesthetic, haptic, and
proprioceptive capabilities discussed in Chapter 1].
Through perceptual development, children become more efficient at
discovering and using affordances. An important developmental question is,
What affordances can infants or children detect and use? In one study, for
example, when babies who could walk were faced with a squishy waterbed, they
stopped and explored it, then chose to crawl rather than walk across it. They
combined perception and action to adapt to the demands of the task.
Similarly,. . . infants who were just learning to crawl or just learning to walk
were less cautious when confronted with a steep slope than experienced crawlers
or walkers were. The more experienced crawlers and walkers perceived that a
slope affords the possibility for not only faster locomotion but also for falling.
Again, infants coupled perception and action to make a decision about what do
[sic] in their environment. (Santrock, 2006, p. 158)
Laura Berk extends the concept in terms of accurate, proactive evaluation,
interpretation, and effective use of the environment.
One way of understanding perceptual development is to think of it as a built-in
tendency to search for order and stability in the surrounding world, a capacity
that becomes increasingly fine-tuned with age. . . . According to the Gibsons,
perception is guided by the discovery of affordances—the action possibilities a
situation offers an organism with certain motor capabilities. As adults, we know
when an object can be squeezed, bounced, or rolled and when a surface is
appropriate for sitting or walking. Sensitivity to these affordances makes our
actions future oriented and largely successful rather than reactive and
blundering. Consequently, we spend far less time correcting ineffective actions
than we otherwise would. (Berk, 2002, p. 205; italics added)
A related way to consider this issue of embedded6 meaning comes from Sparks
of genius: “Many abstractions are possible for any given object, each of which
illuminates some hidden truth” (Root-Bemstein & Root-Bernstein, 1999, p. 81). It is
this pivotal working assumption about the power of managed affordances, I believe, that
has provided the baseline from which the field’s most effective, influential practitioners
have consistently, albeit typically intuitively (e.g., tacitly rather than explicitly), begun
each iteration of new discoveries, insights, and inventions that, first, transform their
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institution’s environs and, subsequently, inform child-care professionals in the larger
arena about evolving promising practices in the designing of effective learning
environments, equipment, apparatus, and artifacts. Additionally, affordances serve to
bridge the gap between object and action (or, more precisely, to provide an implicit
guide as to how possibly to effectuate that bridging); in effect, they allow us as
designers of learning artifacts and spaces to at least suggest, sketch the panoply of
actions which a given object may tend to support, inspire, or even engender and
provoke.
Play
Initial playful activity is an essential prerequisite of the final act of understanding. Paul
Feyeraben7

As noted in Chapter 1., children’s museums are strongly play-focused. In this
section, I will refer to a range of specific positive outcomes which play has been shown
to render or, at minimum, impact. A good deal of research done quite recently on play
has consolidated that long-held but principally intuitively-informed orientation about
play’s value as a developmental tool in physical, cognitive, and socioemotional
domains. Brian Sutton-Smith has summarized a relevant constellation of research about
play in his seminal book The ambiguity of play.
Other parallel research heightened the belief that a causal understanding of
children’s play was possible:
Studies showing that infants in the crib practiced language while playing with
sounds.
Studies indicating that the provision of appropriate toys in infancy correlates
with advanced maturity measures in early childhood.
Studies of children’s exploratory and play behavior that showed how both were
increased by novel stimulation.
Studies showing that prior play experience with materials subsequently
heightened a child’s ability to solve problems with those materials.
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Studies showing relationships between playfulness and creative capacity.
Studies showing that more imaginative children were better behaved, more
expressive emotionally, more cooperative, and better at their schoolwork.
Studies showing that increasing children’s classroom-sponsored sociodramatic
play or story dramatization also heightened the children’s reading and
storytelling competency.
Studies showing that parents who play pretend games with children have
children who are more capable of pretend play with their peers.
Studies indicating that when teachers or parents are more involved with
children’s pretend play, there are positive increases in the children’s literacy,
language, reading, and writing.
In all of this, higher forms of play, as judged by imaginative or verbal
complexity, are again and again correlated with higher forms of school-related
social or educational success.
Metanalysis of these multiple disparate studies, showing that play contributes to
early development by enhancing adjustment and reducing language problems
and socioemotional difficulties, with variances ranging between 33 percent to 67
percent.
The Terman longitudinal studies of people of advanced intelligence, showing
that those who are successful in life are those who have participated in more
extracurricular activities, including sports, in school and throughout their life.
Longitudinal research showing that the more interesting and fulfilling lives are
those in which playfulness was kept at the center of things. “The new work
begins to show why play is the principle rsic] business of childhood, the vehicle
of improvisation and combination, the first carrier of rule systems through which
a world of cultural restraint is substituted for the operation of impulse.”
Ethnographies suggesting that children play in more complex ways in cultures
where there are greater requirements for them to use complex social strategies as
adults. (Sutton-Smith, 1997, pp. 38 ff; citations deleted)
In short, this approach of children’s museums to learning in an exemplar of what
Sutton-Smith (ibid, p. 219), citing Geertz, calls “deep play,” a conceptual analogue of
8

the latter’s “thick description,” that is, not merely a simple action set, but one
profoundly enmeshed with children’s development across multiple dimensions. Such
cognitive, socioemotional, and biological schema of developmentally appropriate
support provided by play is noted by Kathy Hirsh-Pasek, and serves to anchor this
section of the chapter.
But, how you learn is as important as what you learn. Preschool children in
highly academic, what we call “drill and kill” learning environments tend to be a
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little more aggressive, a little more anxious and a little more perfectionistic.
Those children who learn in playful environments, like libraries or children’s
museums or even schools that have more playful environments, learn because it
is meaningful. Here’s the mantra .. . play equals learning. (Hirsh-Pasek
keynote speech; cited in Maher, 2003, p. 31)
Museum-context analysis
Stephen E. Weil (2002, p. 13) asserts, “Purposiveness and capability are the twin
pillars by which the successful museum is supported.” This expansive overview
provides a succinct gestalt of the big-picture lensing which must be utilized if a museum
is to maintain viability and strive for futurity. It suggests both the intentionality and
will, on the one hand, and the range of competencies demanded of all practitioners
involved in the enterprise, on the other, to advance the institution in its intended
capacity.
Such breadth of investigation is beyond the scope of this document; I did,
however, wish to include the point to suggest the overall landscape in which the more
constrained subtexts to follow is embedded. These subtexts will encompass the more
particular research issues of learning in museums, including family system learning;
importance of both water-focused and, more largely, environmentally-centered or placebased learning; and brief references to sociocultural and cultural anthropological
research as it informed the thinking that shaped our work. Prior to completing this
segment, I will also fold in brief explanations of how we made use of science learning
theory, environmental and ecological learning theory, creativity research, and multiple
intelligences theory to strengthen the conceptual rationale supporting the At the Canal's
Edge project. In so doing, I hope to suggest, at least allusively, that these specified
conceptual validators give point to our planning team’s assumptions that they are both
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deeply and broadly connected to the overall requisites of museum mission articulated
by Weil; that is, they are integrally linked with and serve to augment the purposiveness
and capability of the Children’s Museum at Holyoke and of our project as part thereof.
“Working together, the physical and social contexts tend to channel visitor
behavior into a few predictable outcomes” (Falk & Dierking, 1992, p. 55). In even
more recent work, Falk and Dierking (2000, p. xiii.) clarify the global importance of
research on learning in museum contexts:
Elusive or not, learning in museums is now a more important topic than
ever. A generation ago it was a topic of interest, but not importance, to the
museum community; today it is a topic fundamental to the very essence of
museum survival and success. Twenty to thirty years ago only a few took the
time to ponder the challenges and rewards of investigating learning within freechoice learning settings. Today, virtually all in the museum community at least
ponder, and many are investigating, the questions surrounding how people learn
in museums. Why do people go to museums? In what ways do museums
facilitate learning? And, in particular, what do people learn in museums?
Lynn Dierking and her colleagues, writing in a research-focused special edition
of the Association of Children’s Museums journal Hand to Hand, extend this point
considerably.
Research in the informal (free-choice) learning field is growing. A decade ago,
we often had to draw upon learning research expertise from outside the
community. There is now an established community of researchers; an
increasing number are museum staff members. This is reflected in peerreviewed journals, conference presentations and many funding initiatives. This
community of learning researchers has identified important issues related to
learning in and from museums, established a theoretical foundation for such
learning and begun to build a body of knowledge about its nature. As the Hand
to Hand research double issue attests, children’s museums are some of the
leaders in this arena.
There are still many challenges. The museum field as a whole and the
children’s museum community particularly, still struggle to meaningfully
document the impact of the museum experience upon those who visit. In terms
of research in children’s museums, time, resources and capacity are tremendous
obstacles to meaningfully integrating research into day-to-day practice. In
addition, there is still a divide between research findings and applications to
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practice. Research terminology can be confusing and unclear, findings often
contradict or are overturned in subsequent studies and findings are sometimes
oversimplified and misinterpreted when complex data is synthesized and
communicated. This results in difficulty translating research findings into
concrete practice. (Dierking et al, 2000, p. 1)
Of course, it is my intention that this dissertation will serve in the elaboration of
a relevant body of field-applicable knowledge, as well as a possible model, because of
its action research methodology, for moving beyond the difficulties Dierking et al.
mention as being associated with connecting research with practice in substantive and
non-trivial ways.
To my mind, a person who has done as much as anyone to make richly academic
research about the learning that takes place in children’s museums conceptually and
logistically accessible to practitioners field-wide, as well as to the academic community
more largely, is Kevin Crowley, director of UPCLOSE and associate professor of
Cognitive Studies, School of Education at the University of Pittsburgh. He has not only
9

been a principal researcher in a number of extensive studies at the Children’s
Discovery Museum of San Jose, which have become canonical in the field both as
exemplars of lucidity and methodological clarity and as models for organizing thinking
about how to make children’s learning transparent in these contexts; he has also been
instrumental in the creation of the University of Pittsburgh Center for Learning in Out
of School Environments (UPCLOSE), the first formalized research and practice
partnership between a university research community and a children’s museum in
which the academic part of the enterprise is actually housed within the museum proper,
in this case the Children’s Museum of Pittsburgh.10 His brilliant work has long been
inspiring to me—I have attended a number of his presentations at ACM Inter Activity
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conferences over the past years, beginning with one with his colleague Maureen
Callanan in 1998 in San Jose—and I have endeavored to share at least highlights thereof
with my colleagues at the Children’s Museum at Holyoke. I am optimistic that the
excellence of his and his colleagues prototypic efforts will be replicated both nationally
and globally within our lifetime; such outcomes will provide an extraordinarily rich
literature to take understanding of children’s learning to a new level. In short, I
interpret this direction of work as a paradigm shift in pedagogical perspective.
An instantiation of his and his colleague’s commentary which specifically
guided our final phases of project praxis follows.
Where do good interactive exhibits come from? Do they come from
moments of inspiration or from thorough analysis of educational concepts?
Certainly great exhibits can come from inspiration. We can point to many
instances of exhibits that sprang from the mind of an inspired individual: they
are artistic creations. The best of them also provide the visitor a way to connect
with powerful ideas within a discipline. Another approach is to begin with the
education plan and work towards experiences that will accomplish it. This
approach, most often followed by teams doing the classic three-year, federallyfunded traveling exhibition, leads to an educationally relevant learning
environment. The best of these also provide powerful visitor experiences.
No matter which approach a museum takes in the design of its interactive
exhibits, there comes a crucial point at which the educational or artistic vision
must meet the real time experience of an audience. In many cases the first
suggestion of real visitor experience comes at the design table. (Crowley &
Knutson, 2005, p. 3)
We interpreted this commentary loosely, determined to incorporate both streams
of methodology suggested. After all, the project was federally funded, and we were a
design team; however, we were also an interesting aggregation of creative individuals,
and thus across the entire span of our work together endeavored, and generally
managed, to maintain that creative tension between fulfilling the mandates of a
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pedagogical rubric and privileging the inspired moments that occasionally illuminated
one or another piece of the process, provided by one or another of the participants.
In a 1997 article in the journal Science education, John Falk asserts, “The
findings from this study support the contention that visitors can, and do, acquire both
factual and conceptual information as a consequence of relatively brief (on the order of
2—5-minute) interactions with . . . exhibits” (Falk, p. 685). In the same journal, a
special issue on informal science education, museum environments are discussed more
specifically vis-a-vis informal learning.
Informal learning is characterized by free choice and by being unstructured and
nonsequential; self-paced, voluntary, and exploratory; nonassessed and openended; and social... Museums are ideal environments for informal learning.
They are designed with individuals or small groups in mind. Many museums
recognize the need to make the dissemination of information closely linked to
the interests, attitudes, and entering behaviors of their visitors. They present
their visitors with a range of displays and topics from which to select. Museums
increasingly offer a selection of learning media and methods: three-dimensional
displays, the real thing in context, multimedia stations, videos, experts to talk to,
interactive exhibits, lectures and demonstrations, resource rooms, and specimens
to handle. (Griffin & Symington, 1997, p. 764; citations deleted)
As mentioned in Chapter 1, a particularly evocative phrase used field-wide to
distinguish children’s museums from other, more traditional museums is that they are
for someone rather than about something. In fact, in his seminal work Making
museums matter, Stephen Weil emphasizes this transitioning terminology by titling one
of his chapters From being about something to being for somebody. In that chapter (p.
43), he expands upon the concept.
Contemporary museum practice provides ample room to envision museums
organized along other than disciplinary lines. One immediate example is the
children’s museum. In her 1992 survey of children’s museums across the
United States, Joanne Cleaver credits Michael Spock and his staff—who revived
the Boston Children’s Museum, starting in 1961—with having pioneered the

idea that “the museum was for somebody [e.g., children and families] rather
than about something.” (Citation deleted)
The somebody for whom we were designing, who became much more
personalized through my focus group work (discussed at length in Ch. 3), proved to be
mercurial in terms of her or his specific expectations and assumptions. “Visitors enter
exhibits with different learning agendas” (Falk & Dierking, 2000, p. 164). Elsewhere,
they note,
Unlike earlier learning studies that showed that museums only occasionally
facilitate learning, the research presented here strongly supports the premise that
museum learning experiences facilitate some degree of learning in virtually all
participants, although not necessarily exactly the learning an educator or
developer would predict, or even necessarily hope for. However, armed with an
appropriate search image and set of assessment tools, researchers consistently
found evidence of learning from museums. The specifics of what visitors
learned, however, were more variable. Visitors could be expected to learn broad
generalizations and show generalized increases in understanding and interest,
but the specifics of what they learned were normally highly personal and unique.
Although this was not the way we were taught to think about learning, it is in
fact the nature of all learning, particularly the learning that occurs from
museums. (Falk & Dierking, 2000, p. 173)
Additionally, the authors have elsewhere augmented this understanding in terms
of knowledge structures. The core issue they mention, of transfer of new learning to
other relevant contexts, is one which I discuss elsewhere as well in this dissertation.
David Ausubel and colleagues defined “meaningful learning” as the linking of
new information to existing concepts and principles in a learner’s knowledge
structure. The network of relationships formed during this process enables a
learner to recall learned material after extended periods of time and apply the
material to new situations or problems. Within a museum context, meaningful
learning might involve a visitor observing objects, reading labels, or talking with
friends and family and, in doing so, accommodating new ideas or information
into his existing knowledge structure." The information is highly
contextualized by the personal, social, and physical contexts. The information
becomes part of the visitor’s permanent store of knowledge, available for use
long after the museum visit has ended. This is the kind of learning we should be
interested in studying.
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Museums are excellent environments for meaningful learning because they
offer rich, multi-sensory experiences. The proper presentation of ideas through
tangible objects, particularly if they are interactive, is a powerful device for
sense-making and, thus, understanding. (Falk & Dierking, 1992, p. 114;
citations deleted)

Family learning units
Distributed cognition, as a lens through which to assess collective as well as
individual learning, now informs quite a bit of museum-field research. It is often
considered in tandem with situated cognition (cf. Situated Cognition section above).
In the museum setting, visitors can learn by modeling their own social group,
other social groups, or museum staff and volunteers. Social types of learning
are extremely important, and evidence suggests that they are also long term; yet
they are frequently overlooked in discussions of learning in museums. Social
groups, and family groups in particular, are the primary learning environment
for humans. (Falk & Dierking, 1992, p. 110; citations deleted, emphasis added)
A key environment for learning is the family. In the United States, many
families hold a learning agenda for their children and seek opportunities for their
children to engage with the skills, ideas, and information in their communities.
Even when family members do not focus consciously on instructional roles, they
provide resources for children’s learning that are relevant to school and out-ofschool ideas through family activities, the funds of knowledge available within
extended families and their communities, and the attitudes that family members
display toward the skills and values of schooling. (Bransford et al., 2000, p.
245)
On my view, these family (learning) units, or more expansively considered,
“ . . . the family as a learning environment. . . “ (Bransford et al., ibid, p. 146) are
emblematic of distributed cognition. They epitomize the structural characteristic
requisite for the definition of distributed cognition to be met: information is shared
across all and among each participant in the learning unit. By extension, then, the
motile group becomes the learning environment, as it moves from exhibit to exhibit, as
well as more deeply within one given exhibit, or more shallowly as it traverses the
space looking for snacks, directions, bathrooms, a place to sit, the opportunity to

139

interact with other family learning units, or the like. While this doesn’t connote
absolute parity of status within the family constellation as consumer or purveyor of
information, it does suggest a marvelously elastic interaccommodational process. In
CM contexts, then, at least in theory or in best-case scenarios, each visitor has the
opportunity and indeed the obligation to be an active co-creator of valid distributed
understanding; by extension, “ . . . museums are, first and foremost, social
environments, especially for family groups” (Falk & Dierking, 1992, p. 41; citation
deleted). Understanding these rich, multivalent social learning dynamics makes it
likelier that we as planners and designers of these educative milieus will rise to
Gardner’s challenge, namely that “ ... it is possible to sculpt an educational
environment that takes seriously the distributed view of intellect. . . “ (Gardner, 1993,
p. 227).
When asked about their expectations, family museum visitors at several
institutions reported that they expected to find things to do that everyone in the
family would enjoy; that they would find an attractive, friendly, safe
environment; that they would see something that they had not seen before; and
that they would have an opportunity to do more than just look at things, but
rather would get to be personally involved with the exhibitions. (Falk &
Dierking, 1992, p. 26; citation deleted)
This frame of reference deeply informs much contemporary informal learning
research, also referred to as free choice learning, or even, most expansively, “ . . .
anytime, anywhere learning . . . “ (Nair & Fielding, 2005, p. 51). Inherent within its
dynamic are several characteristics worthy of being institutionally studied and
supported, including those termed family “buoyancy” along with the issues of
coregulation and reciprocal socialization (cf. esp. Santrock, 2006). “What is clear after
studying the research on family behavior in museums is that the museum provides a
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backdrop for the family’s social interactions. These interactions in turn play a critical
role in shaping the museum visit” (Falk & Dierking, 1992, p. 49). In Learning in the
museum, Hein (1998, p. 147; reference deleted) cites Borun at length, in a passage
precisely paralleling the point at hand, the issue of the intersection between situated and
distributed cognition within the context of a museum learning environment.
Another important aspect... is the notion of family learning. While learning
happens in individual brains and is perhaps best thought of as a change in the
person’s neural set [e.g., situated cognition, occurring in a given place at a given
point in time], there is also a group effect. The individual’s learning experience
is enhanced and shaped by input from other family members [e.g., distributed
cognition, a network of mutually interaccommodative and interactionally
supportive understandings and data sets]. Families have a culture of shared
knowledge, values, and experiences. A family group that visits a museum can
enrich its culture, storing knowledge for later sharing among family members.
We can think of this as “potential learning” in analogy to potential energy. If
information and associations are acquired by a member of the group, they are
available for exchange with other family members, not just at the moment of
acquisition but at any time in the future.
This notion of dynamic mutuality supports alternate framings and nuances.
If you think of the family as a system, you come to systems theory, which
says that every member of a system is in balance with every other member and
if you put a stress on that system, every member learns how to respond: either to
succeed or to fail. Every stress on a family becomes an opportunity [for
children’s museums]. If we want to be in there to help that family succeed, we
have to become part of the system. That means we can no longer be “topdown,” “telling.” We have to understand the family’s system—learn their
ethnic belief systems, their religious belief systems, their language and all the
rest. We have worked with American Indian families where we have learned
how to elicit their language and their customs. It’s been a very positive
experience for both sides. Barriers of all kinds have broken down when we
become part of their system. Then, every stress becomes an opportunity that
leads us into new discoveries about parents and their babies. (Brazelton, cited in
Maher, 2003, p. 24)
An integrated set of parameters of family-friendly exhibitions considered in
Learning from museums and likewise citing Borun clarifies the impacts of such
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systemic learning; these parsimonious and crisply-framed guidelines served the CMH
planning team well in helping us frame our thinking about such issues.
Guidance comes from Minda Borun and her colleagues working on the
Philadelphia-Camden Informal Science Education Collaborative (PISEC), a
National Science Foundation-funded initiative that investigated family learning
in museums. The PISEC group identified seven characteristics of familyfriendly exhibits that support collaborative learning. They are (1) being
multisided so that a family can cluster around, (2) being multiuser so that several
hands or bodies can interact comfortably, (3) being accessible so that children
and adults can use them comfortably, (4) being multi-outcome so that results are
varied and complex enough to foster group discussion, (5) being multimodal so
that the exhibit appeals to different learning styles and levels of knowledge, (6)
being readable in such a way that text is arranged in easily understood segments,
and (7) being relevant so that the material provides links to visitors’ prior
knowledge and experience. (Falk & Dierking, 2000, pp. 190-191; citation
deleted)
In their most recent book, these authors provide an alternate encoding—a shorter
list, but with more comprehensive explanations—of this set of parameters.
We believe that there are ways to insure that any learning experience is “groupsupportive.” Guidance comes from one of our colleagues, Minda Borun, who,
along with her colleagues working in the Philadelphia-Camden (New Jersey)
area, developed a set of family-friendly principles for exhibitions. We have
adapted their findings into five principles important to consider when designing
free-choice learning experiences that support sociocultural interaction:
1. Experiences should be designed so that more than one person can
participate at a time. It means that there needs to be opportunities for two, three,
or even five people to all be able to see, touch, and, as appropriate, feel the
experience simultaneously.
2.

Since so many free-choice learning experiences involve different-aged
learners, it is also important to design experiences so that people of varying
ages can participate. In other words, both adults and children need to be
able to engage in the experience and be able to understand what’s going on.

3.

It is also important that free-choice learning experiences be designed so
that all participants, regardless of age or prior experience, are able to derive
satisfaction from participating in the experience. This means that there
should be multiple outcomes possible, and that the experience itself is rich
enough, varied and complex enough to foster group discussion.
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4.

The experience should support different learning styles and levels of
knowledge. Not everyone learns in the same way, so it is important to
create experiences that allow different learners to intellectually access an
experience in different ways.

5.

Finally, and this is true of any learning experience but particularly
important for designing educational experiences that facilitate group
learning, the experience should provide links to the learners’ prior
knowledge and experience. This implies knowing something about the
group who will actually be using the experience. At the end of the day,
designing educational experiences with the end users clearly in mind is the
key to any successful educational effort. (Falk and Dierking, 2002, p. 146)

Crowley & Knutson (2005, p. 6) provide an alternate succinct framing of these
linked factors of family learning and museum environment.
The process of developing a museum should never be complete. Revision is
expected as we learn more about who our visiting families are, how they use the
exhibits and what we, as a museum, believe about our role in promoting family
learning. (Crowley & Knutson, 2005, p. 6)
Considerations of family constellations lead organically to issues of visitor
ethnicity and related factors of diversity.
Few hard data exist on the ethnic makeup of museum audiences. Few museum
professionals would dispute the fact that racial minorities are under-represented
among museum-goers. The few studies that have been done generally
substantiate this assumption. Museum visitors in the U.S.A. are now, and
historically have been, primarily white. Evidence, also preliminary, suggests
that this trend is changing, but for many in the museum community, the change
is much too slow and far too haphazard. (Falk & Dierking, 1992, p. 23; citations
deleted)
A question framed in Planning for the very young: Excellence and equity in
preschool activities at science museums (p. 24), “Does your institution employ, address,
and reflect a broad or narrow cultural diversity?” provoked discussion concerning a
number of dimensions of the project. These ranged across topic, stakeholder and focus
group composition, outreach mechanisms, programmatic planning, and the like. In
particular, a passage about diversity of staff proved most salient. Given that the
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immediate embedding community of the Children’s Museum at Holyoke is
predominantly Latino/a, this is not merely an academic question, but one with important
implications about ways in which best to serve an audience coming to the museum with
multiple sets of assumptions, expectations as to what this institution and consequent
visits to it will be like experientially and affectively as well as conceptually, and goals
for family events.
A culturally diverse staff is in a good position to welcome a culturally diverse
audience. People with disabilities, people of color, people who don’t speak
English, men, women, parents of preschoolers—all like to see people like
themselves as staff. It not only makes asking questions a more comfortable
business, it also confirms that someone with whom we feel a kinship is involved
in the operation of the museum. ... It takes a diverse staff with the power to
make decisions to create a culturally rich museum environment. (Merrill et al.,
p. 26)
Yet in any group there is always much more diversity than meets the eye, and
within seemingly consensual environmental groups .. . there are many highly
charged controversies. The teacher should cultivate this as controversy creates
the “cognitive dissonance” that enables people to rethink their cherished
assumptions. This requires a safe learning process in which people can express
themselves without being stereotyped or ridiculed. The teacher has an important
responsibility: to promote the minority viewpoint, to respect alternative
perspectives, to legitimate opposing points of view, and to encourage respectful
dissent. (Thomashow, 1998, p. 189)
The above passage was deemed precisely applicable to the facilitated portion of
the Connecticut in the Classroom Initiative as it intersects the new exhibit across time.
Finally, a stance which deeply impacted the totality of ACTE planning, namely that of
accessibility, comes from Learning in the museum:
Universal design is a relatively new expression of an idea that has been around
for a long time: creating environments and artifacts that work well for everyone,
including people with disabilities. Far from being simply an architectural or an
accessibility concept, universal design in a museum is an educational concept
incorporating all factors that limit access. It defines an exhibit approach that
accommodates a wider population of museum visitors and, in the process,
enhances the experience for all visitors. (Hein, p. 168)
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Children and waterplay
Publications and the web site of the National Association for the Education of
Young Children (NAEYC) also provided developmentally-appropriate guidelines for
ATCE, and more importantly, global validation of our assumption as to the high degree
of applicability of waterplay-centered environments for young children; relevant
excerpts follow.
Water play: A key to children’s living-learning environment
When it comes to play materials, children don’t mind getting messy or wet.
That’s why water play is both enjoyable and educational and perfect for hot days
that call for cooling off. Indoor water play can go on all year long, and like
outdoor play, helps children develop eye-hand coordination and math and
science concepts. It may also enhance social skills and encourage cooperation.
There is no right or wrong way to play with this familiar, inexpensive “toy” that
comes not from a package, but from our very own environment. . . . Indoors or
outdoors, any container of water is a possible hazard and must be supervised at
all times [a field-wide given]. . . . Adults should look for cues in children’s
waterplay for opportunities to stimulate fantasy play. Add objects from home,
school and nature. Pose open-ended questions, make sure children have
challenging and interesting options, and give them the opportunity to evaluate
and tell others about what they did and learned through play. ... If a child
makes a boat out of a squeeze bottle, we may be prompted to join in their
pretend-play. But use judgment in choosing when to step in and ask questions
and when to stand back, listen, and enjoy. Fantasy play is an important and
sometimes private part of children’s development. Don’t be discouraged if
caregivers aren’t invited to participate every time.
Here are some ideas for waterplay:
• Individual water tubs at a table make great activity centers. Begin with
water only, then add playthings as children’s interest wanes. Begin with
spoons and shovels, then move on to sponges and measuring tools. Sand
and shells are great for children to touch and explore.
• Children will love to “paint” water on outdoor pavement with buckets and
paint brushes. Older children may paint the letters of their names. Younger
children will be content making back-and-forth strokes. Either way, a few
minutes in sunlight, and watch it evaporate!
• Squeeze bottles of water offer a variety of play opportunities, and help
children develop eye-hand coordination. Children may look for the best way

to squirt long or short distances. Or, they may create designs on the water’s
surface.
• Assorted containers, funnels, and plastic tubes will help children learn to
measure, and are key for the early development of math and science skills.
Curiosity leads to experimentation: Which objects will float? Which ones
hold the most liquid? Gradually, children build their vocabularies
(empty/full, shallow/deep) and learn how to categorize.
Water play helps children understand and enjoy their living-learning
environment. If parents and caregivers become comfortable with water as a tool
for young children’s education, more ideas for learning through this natural
medium will surface, (http://www.naeyc.org/ece/1997/03.asp; recovered
9/14/2006)
In Young Children, the journal of the NAEYC, Planje (1997, p. 33) provides
commentary which augments the points made in the above passage.
I am a proponent of water play in the elementary grades. Children in the
primary grades are still developing the skills that the water table enhances.
When children play at a well-provisioned water table, they learn more about
measurement and volume. They compare, identify cause and effect, and
problem solve. They further enhance their fine-motor skills and eye-hand
coordination. When a group of children work [sic] at the water table, they also
refine their social skills.
I will close this portion of Chapter 2 with several points relevant to our work
gleaned from another Young Children article (Crosser. 1994). “Water is intriguing. It
seems to draw children to explore its structure and properties. Because water is
naturally fascinating, the thoughtful teacher can structure the environment and materials
in the water center to make the most of water play” (p. 28). The author’s stance on the
Vygotskian scaffolding of language that water play contexts provide is also instructive:
When children play, they use and learn language naturally. Words such as sieve,
funnel, surface, whip, flow, slot, and strain enrich the young child’s vocabulary
and allow him to express himself more explicitly. Positional words (beside,
above, next to) and words that express relationships (larger, smaller, last) grow
naturally out of water-play experiences. Children learning English as a second
language particularly benefit from the language interaction that flows when
children work either together or side-by-side. In addition to the benefits of oral
language development, water play can be extended to meaningful written-
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language experiences. As children make and check their own predictions, they
can be encouraged to record them. In this way children learn that print can
function to help us remember or to convey information. Print is also useful in
labeling objects or telling the story of a sequence of steps. (Ibid, p. 30)

Anthropological, sociological, and ecological influences
A number of anthropological and sociocultural theorists also influenced the
thinking involved in the project, particularly Bateson, Hall, and Geertz. Perhaps the
most global aspect of this sociocultural lensing is the notion of the relevance and, in
fact, the necessity for articulating the problem space on which we focused in legible,
comprehensible fashion. Geertz (200, p. 253) states, in rather Goffmanesque
terminology, “It all depends on the frame . . . “ Hall expands upon this construct of
contextual parameters, first in terms of its definition, second in its application.
The situational frame is the smallest viable unit of a culture that can be
analyzed, taught, transmitted, and handed down as a complete entity. Frames
contain linguistic, kinesic, proxemic, temporal, social, material, personality, and
other components.
The framing concept is important not just because it provides the basis for
identifying analytic units that are manageable when put in the hands of the
expert. . . Frames represent the materials and contexts in which action occurs—
the modules on which all planning should be based. (Hall, 1976, p, 129;
emphasis added)
Incidentally, a cautionary caveat regarding appropriate problem framing is
provided in The social construction of reality, pointing up the need, one to which we
certainly attempted to attend throughout this project, to not simply ground the pragmatic
in the theoretical, but to do the obverse as well, thus fully privileging the concept of
working at the intersection between the two, previously noted as being a goal of this
dissertation.
To exaggerate the importance of theoretical thought in society and history is
a natural failing of theorizers. It is then all the more necessary to correct this
intellectualistic misapprehension. The theoretical formulations of reality.
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whether they be scientific or philosophical or even mythological, do not exhaust
what is “real” for the members of a society. Since this is so, the sociology of
knowledge must first of all concern itself with what people “know” as “reality”
in their everyday, non- or pre-theoretical lives. In other words, commonsense
“knowledge” rather than “ideas” must be the central focus for the sociology of
knowledge. It is precisely this “knowledge” that constitutes the fabric of
meanings without which no society could exist.
The sociology of knowledge, therefore, must concern itself with the social
construction of reality. (Berger & Luckman, 1966, p. 15)
Another cultural anthropologist, Mary Catherine Bateson (daughter of Margaret
Mead and Gregory Bateson), provided insight regarding the recent burgeoning of
environmental interest on the part of children. “Clearly, the last two decades have seen
the accelerating creation of an ecological consciousness in children, both in schools and
through television and other media” (Bateson, 2004, p. 285). On the following page,
she elaborates on possible implications of this trend, in relation to an educational
trajectory to which ATCE certainly cleaved and to which the Connecticut in the
Classroom Initiative more broadly is certainly cued and which relevant staff are
attempting to concretize, formalize, and effectively utilize.
The ecological component in education is sure to become increasingly hotly
contested, for it is by no means neutral. Elementary school children are
emerging in this country as an earth lobby. It is entirely appropriate that they
should do so, for ecological damage is slow and cumulative and they are the
ones who will suffer tomorrow the consequences of today’s shortsighted
policies. Ecological education may be the front line of values education in this
country, partly because of the implicit lessons it carries for thinking about other
kinds of community, for identifying goals to strive for, and for critiquing
business as usual among people as well as between humans and other species.
Sense of place
Bateson’s eloquently ecological stance, framed by her core perspective as a
cultural anthropologist, bridges elegantly to the passages to follow, place-based in
theme and focus. In ACTE planning parlance, we spoke of the implications for children
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as affording them a standpoint from which to feel located rather than dislocated. Much
of the subsequent watershed-connected theory has particularly specific utility in the
programmatic extensions of ATCE rather than exclusively in its exhibitry per se.
In developing what the philosopher and ecologist Aldo Leopold called the
“land ethic,” regard for the wilderness often comes last. First comes a child’s
involvement with vacant lots, ditch creatures, and the leaves of “weed trees”—
discovering what environmental psychologists Rachel and Stephen Kaplan call
“nearby nature.” Such comparatively mundane experiences lay the foundation
for what can develop into Edith Cobb’s ideal, “a living ecological relationship
between ... a person and a place”—topophilia, rootedness, knowing where
home is. (Nabhan & Trimble, 1994, p. 25)
Orr’s perspective augments this developmentally-inflected notion by integrating
the factor of person-to-person involvement. “For children the sense of biophilia needs
instruction, example, and validation by a caring adult. And for adults, rekindling the
sense of wonder may require a child’s excitement and openness to natural wonders as
well” (Orr, 1994, p. 143).
The design principle here is that any change made to our surroundings has the
potential to affect the way we experience a place, and that the cumulative effect
of a number of changes may be at some point to alter the experience entirely.
(Hiss, 1990, p. 24)
A related consideration is found in Beyond culture, namely that, “Environments
are not behaviorally neutral” (Hall, 1976, p. 96). While the above place-based, contextcodifying references undergirded the specific and sharply constrained exhibit
environment planning considerations, Thomashow’s more global sensibilities provided
guidelines for considering the embedding context of the more expansive Connecticut
River watershed parameters of the project. “It occurred to me that sense of place was
literally the roots of ecological identity—ideas such as bioregionalism, sustainability,
material simplicity, community, citizenship, decentralization, environmental
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psychology, and others were integrated in this one expression” (Thomashow, 1998, p.
192). He goes on to note (p. 196),
Inevitably we must ask how the place we live in is connected to the global
community. The various local/global cliches sound great, but they are very
difficult to translate into action. What does it mean to act with the globe in
mind? What are the boundaries of ecological practice? How do we begin to
apprehend the global impact of our action, the global influence of our
behaviors? A place is like a fractal. The more we explore it, the more we
realize how the place expands beyond our limited perceptual sphere, how forms
of communication take place within and between spaces, how our perception of
space is framed by what enters our world.
Perhaps we need new terminology to understand the ecological and political
meanings of traditional geographical space. In the twenty-first century, global
citizens will form networks and allegiances based on pluralistic regional
identities. That is, people will identify with many different places at once.
A point Thomashow makes early in his text effectively bridges these domains,
and affords planners the theoretical frame of reference to connect child development
with content development, a core mandate informing the entire At the Canal’s Edge
project.
From the perspective of human development, the period of middle childhood
(the ages of 9 to 12 years . . .) is a time of place-making in which children
expand their sense of self. Their perceptions of the immediate environment
undergo a remarkable transformation. This may occur . . . through the
expanding exploration of the home territory, or through the actual creation of
distinct places within that territory: dens, forts, and miniature houses—using the
materials that are at hand. A child realizes, during this stage, that he or she has a
unique perception of the world, one that’s different from that of his or her
parents, siblings, and friends. This is a time of great creativity, involving the
first explorations of independence. And some theorists . . . maintain that this is
a time that children establish their connections to the earth, forming an earth
matrix, a terrain symbiosis, which is crucial to their personal identity.
(Thomashow, 1998, p. 10)
These incursions into the domain of sense of place caused us to revisit and
reconsider the powerful connections between the structure of the exhibit which we were
charged with producing and the less constrained creative possibilities suggested by our
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work in terms of programs and activities using the exhibit as point of departure into
ecology, physical science, and the like. Chapter 5, Summary, Recommendations, and
Conclusions, codifies these programmatic possibilities in a comprehensive catalogue.
We derived one global example of these extensions from the RiverWorks Activity
Guide, quoting Robert Hass (“Nature Poet; America’s Poet Laureate”):
I’ve learned that when I’m in a new place and I want to figure out its
morphology, its geography, the first thing to determine is what watershed it’s in.
If you want to determine how appropriate a lifestyle is for the land you’re living
on, find out where the water comes from. (Tsongas Industrial History Center,
University of Massachusetts Lowell Graduate School of Education, & Lowell
National Historical Park, 1995, p. 8)
The polydidact Haas also provided a more particular exemplar for our learning
and teaching enterprise, as well. From Sparks of genius, we learned of a model
program, clearly derived from the previously quoted perspective, which he had created.
Another educational program with transformational merit is River of Words, a
yearly poetry and art contest developed by Robert Hass, former poet laureate of
the United States, and a number of environmental and other groups in an effort
to foster an understanding of nature. Students from kindergarten to twelfth
grade submit writing and artwork on the theme of their geographical watershed.
The term “watershed” refers to the area drained by a river, but it can also mean
the dividing line between phases of a process. Thus River of Words asks
students to explore not only the nature of their environment but also the
watershed between scientific and technological knowledge of that environment
and direct, experiential understanding by focusing on the intersections in
personal, literary, artistic, economic, or social terms. (Root-Bernstein & RootBemstein, 1999, p. 290)
“One learns a landscape finally not by knowing the name or identity of
everything in it, but by perceiving the relationships in it—like that between the sparrow
and the twig” (Lopez, 1989, p. 64).
What do the hazardous waste policymaker, the nature center director, and the
elementary school environmental educator have in common? What educational
processes link them together? It has become increasingly obvious that common
educational ground is found not so much in what people know but in how they
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learn. Ironically, as the environmental profession becomes more specialized and
the knowledge requirements are differentiated, it is the learning process itself
that can serve to integrate the profession.
As an approach to environmental studies, ecological identity work
contributes to a vision of reflective environmental practice, a holistic
interpretation, grounded in real-world problems, applied to the challenging
environmental issues that demand the practitioner’s attention. Environmental
studies students at any level (K-12, college, graduate) or in any setting
(museum, nature center, classroom), whether they are training as practitioners,
or are just concerned citizens, are interested in applying their knowledge in
order to protect nature and promote environmental quality, but that work is
hollow unless it also corresponds to their deepest values about nature.
Ecological identity work is not only intended for personal growth and
awareness, it is a framework for ecological citizenship, and the educational basis
for reflective environmental practice. (Thomashow, 1998, p. 171)
We are inescapably place-centric creatures shaped in important ways by the
localities of our birth and upbringing. We learn first those things in our
immediate surroundings, and these we soak in consciously and unconsciously
through sight, smell, feel, sound, taste, and perhaps other senses we do not yet
understand. Our preferences, phobias, and behaviors begin in the experience of
a place. . . . Our preferences for landscapes are often shaped by what was
familiar to us early on. There is, in other words, an inescapable correspondence
between landscape and “mindscape” and between the quality of our places and
the quality of the lives lived in them. (Orr, 1994, pp. 160-161; citations deleted)
Creativity theorists and investigators such as the Root-Bemsteins, a husband and
wife dyad who have served as keynote InterActivity presenters, have also provided
insights relevant to the imagination-inflected enterprises of children’s museums.
The challenge in modem life and education still remains to reintegrate poetry
and physics, art and chemistry, music and biology, dance and sociology, and
every other possible combination of aesthetic and analytical knowledge, to
foster people who feel that they want to know and know that they want to feel.
(Root-Bemstein & Root-Bemstein, p. 313)
Except rhetorically, the quest for creativity has not been a major goal of the
American educational system. However, to the extent that the fostering of
creative individuals is a desirable goal for an educational institution, it is
important that this goal be pursued in a manner consistent with current analyses
of creativity. (Gardner, 1993, p. 171; citation deleted)
What makes creating special is not so much its component processes but their
organization and direction, and that organization and direction derives from an
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end in view, however broadly characterized and vaguely grasped [e.g., a
wonderful water exhibit]. Intents to create or to satisfy unreasonable demands,
or both, pattern and bias those component processes toward creative
accomplishment. There will be more creative thoughts and actions in response
to such purposes . . . purpose shapes process. (Perkins, 1981, p. 101)
Perkins goes on to integrate characteristics of creativity often viewed as discrete,
even disjunctive: “In general, understanding how intuitive and rational factors do the
work of thinking requires recognizing their pervasive partnership, something an
emphasis on polarities obscures” (ibid, p. 261). My goal, in this as in other domains of
the ATCE problem space, was synthesis; thus, such unifying field constructs resonate
deeply with me. I see no inherent contradiction between the intuitive and the rational,
any more than I do between theory and practice, action and perception, or affect and
cognition. “Both intuition and reason play powerful roles in our lives. . . . intuition
must be allowed free rein and be allowed to play. Then reason can select from the
patterns that emerge” (Shallcross & Sisk, 1989, p. 43). In similar fashion, I viewed the
accumulation of exemplars from multiple venues which could map onto one another
and, eventually, likewise engender appropriate inspiration for ways in which to
consolidate the CMH project as a coherent, directed, and synthesizing enterprise.
Creativity literature offers substantive support for such metaprogrammatic integration,
including instantiations with direct implication for the specifically didactic as well as
the free-choice components of the ATCE creation.
Jeanne Bamberger at the Massachusetts Institute of Technology trained a group
of elementary school teachers to recognize what she called “intuitive
knowledge” in their students. Each individual builds a store of this common
sense sort of information from personal experimentation on the physical
environment. Such knowledge is usually not made explicit, but is often useful
and powerful. . . . Bruner, in The Process of Education, expressed similar
thoughts when he said, “Unfortunately, the formalism of school learning has
somehow devalued intuition.” (Shallcross & Sisk, ibid, pp. 42-43)
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The evidence indicates that learning is fostered by creativity and challenge.
These factors together constitute intrinsic motivation. What matters, then, is that
we master the ability to elicit intrinsic motivation in students. In part, of course,
it will stem from assisting them to relate what is being studied to what is
meaningful to them. In part, it is a matter of assisting them to be creative.
Many factors ... are involved in some way. These factors include the
student’s ownership and sense of control over the learning, positive social
bonding, hope and positive expectancy, a world that makes sense, playfulness,
joy, respect of students and teachers for themselves and each other, selfdiscipline and the capacity to delay gratification, and a sense of cohesion or
connectedness. (Caine & Caine, 1991, p. 77)
“David Hawkins has said of curriculum development, ‘You don’t want to cover
a subject; you want to uncover it’” Duckworth (1987, p. 7). In the following section, I
will uncover (or, in our watery exhibit metaphor, make transparent) select connections
derived from science learning theory, paying particular attention to ways in which these
supporting premises impact the Connecticut in the Classroom portion of facilitated
interface with the ATCE exhibit in its efforts to make river-derived curriculum pellucid.
Our primary focus in elaborating the existing, already highly effective museum/public
schools partnership was in thinking about how to extend the work done over the
intervening years of the Initiative’s work by the many committed practitioners involved
in it, and of ways in which to frame that work more substantively as both emerging
from authoritative research and linking back to rich theoretical underpinnings as the
work goes forward. We were especially interested in identifying academic sources
which would support the work CMH education department staff will be doing with the
Holyoke public school teachers in current and future school years, as school groups use
A TCE as core points of departure in their Connecticut River-based curriculum, during
museum visits as well as in pre- and post-visit classroom learning.
The focus should be on themes around which a curriculum can be organized,
encompassing the subject matter to be studied. . . . Themes allow for the
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organization of seemingly fragmented topics. They are essential tools in the
educator’s kit because they invoke universal ideas and concepts that almost
everyone can identify with independently of subject mastery. The general theme
is not merely a catchy title, but is the central organizer for the subject to be
studied. It lets us know where we are going.
Students must be exposed to subject matter in many different ways, a great
number of which must be complex, real projects. These projects should be
developmental in nature and link work over time. They should assist in
connecting content to the world in which the student actually lives. They can
generate the sort of communication and group interaction upon which many
people thrive. And they can be vehicles for teaching much more than the
specific content of any one course.
Teachers often seem to fear that the use of real-life activities and large-scale
projects will interfere with the coverage of the prescribed materials. In effect,
they often feel that invoking locale memory will jeopardize the treatment of
taxon information. Our experience is directly to the contrary. The proper use of
complex activities makes it possible to deal with substantially more material
than would otherwise be the case. The teacher or students may model or
demonstrate the subject, bring in experts, engage in genuine problem solving,
interview authorities, and create learning games.
If the topic to be studied is the eagle, for example, students deal with it in
many ways. They may explore nesting, feeding, and reproductive patterns and
the eagle’s ecological requirements, together with relevant information spanning
several subject areas. They listen to recordings of the live eagle as it moves
through the air, and they read literature featuring eagles. They study the eagle as
a political symbol and its role in the arts. Students develop areas of expertise or
experts are brought to class or are recorded or videotaped. Computer
simulations and tracking programs are made available to students to help them
identify where eagles are located and whether they are thriving. The mood that
should prevail is that of a team of researchers or explorers engaged in a
meaningful, exciting adventure. (Caine & Caine, 1991, pp. Ill ff.)
Ecological identity . . . serves as a framework for the teaching of environmental
studies, a basis for establishing profound learning communities, and an approach
to lifelong learning. (Ecological identity) is the epistemological glue for
reflective environmental practice, integrating the formal education of
professional training with the learning experiences of everyday life.
Environmental education should be concerned not only with what people know
but (with) how they learn. ... the quality of knowledge is critical to the
educational process. (Thomashow, 1998, p. 170)
Thomashow amplifies this epistemological stance through a project-based
approach, again linking the experiential context with personal interests of learners.

155

For ecological identity work, the first principle of educational design is to
highlight the importance of the learner’s experience. The teacher’s task is to
develop methodologies and approaches that elucidate, amplify, interpret, and
synthesize these experiences, and to do so in a collaborative setting. This is
accomplished by providing the learner with vibrant, creative, relevant, and
reflective projects. In many cases, students think that the most valid knowledge
comes from the authority of the instructor or the textbook. Not so. No matter
how thrilling and clear a lecture may be, or how much people learn from a book,
it is always the project itself that inculcates the deepest learning. Lectures and
books are resources for the learner. The project represents the integration of
theory and practice. That is why projects must be considered and designed
carefully, geared toward the learner’s experience, and be of direct personal and
professional concern. (Thomashow, ibid, p. 181)
A selection from Orr’s Earth in mind particularizes this general construct, and
does so in a framework exquisitely tailored to our programmatic intentions and goals.
I suggest that at all levels of learning K through PhD, some part of the
curriculum be given to the study of natural systems roughly in the manner in
which we experience them. The idea is hardly novel. ... It is also an old idea,
going back at least as far as the belief that nature has something to teach us. The
idea is simply that we take our senses seriously throughout education at all
levels and that doing so requires immersion in particular components of the
natural world—a river, a mountain, a farm, a wetland, a forest, a particular
animal, a lake, an island—before students are introduced to more advanced
levels of disciplinary knowledge.
For example, a course on a nearby river might require students to live on the
river for a time, swim in it, canoe it, watch it in its various seasons, study its
wildlife and aquatic animals, listen to it, and talk to people who live along it. A
river becomes ... “a microcosm of the world” and a doorway to wider
knowledge. Each student might research a particular aspect of the river, say, its
folklore, social history, evolution, art, chemistry, ecology, literature, or the
politics and law that govern its use. Collectively, a picture of the river might
begin to emerge that would be more than the sum of the individual projects. I
am not proposing just a weekend field trip but a longer period of time to allow
the senses to soak in the experience as sights, sounds, tastes, smells, and feel
until something like profound respect, or more, begins to take root.
What might such experiences do? First, they would remove the abstractness
and secondhand learning that corrupts knowledge at its source. Natural objects
have a concrete reality that the abstractions of textbooks and lectures do not and
cannot have. Second, a course on a river or a forest or a farm might help make
up the experience deficit now common among urban and suburban young people
whose minds have been exposed overly long to shopping malls, video games,
and television. Third, it would cultivate mindfulness by slowing the pace of
learning to allow a deeper kind of learning to occur. Fourth, it would give
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students stronger reasons to want to learn those things that require the
knowledge of various disciplines. Fifth, it would teach the art of careful field
observation and the study of place. Sixth, it would teach students that there are
some things that cannot be known or said about a mountain, or a forest, or a
river—things too subtle or too powerful to be caught in the net of science,
language, and intellect. It would introduce students to the mysterious and
unknowable before the mere unknowns of a particular discipline. ... I propose
that we engage young people and faculty together in the effort to solve real
problems. I do not propose such efforts as “service” projects alone but as ways
to integrate learning with service. Opportunities are all around us. Virtually all
schools and institutions of higher education are located in places that are losing
biological diversity and the means for right livelihood, rural and urban places
alike that are polluted, overexploited, and increasingly derelict. What do we
know that might restore such places? How might the effort to solve real
problems be made a part of the conventional curriculum? How might the
discipline of solving problems change the organization of education?
Problem solving requires broadening what we take to be our constituency to
include communities in which educational institutions are located. It requires
institutional flexibility and creativity, which in turn presuppose a commitment to
make knowledge count for the long-term health of local communities and
people. It requires overcoming the outmoded idea that learning occurs
exclusively in classrooms, laboratories, and libraries. It requires
acknowledgment of the possibility that learning sometimes occurs most
thoroughly and vividly when diverse people possessing different kinds of
knowledge pool what they know and join in a common effort to accomplish
something that needs to be done. When they do, they discover ways to
communicate that disciplinary education alone cannot produce. They quickly
learn to distinguish what is important from what is not. And students and
faculty alike discover that they are competent to change things that otherwise
appear to be unchangeable. (Orr, 1994, pp. 95-98; citations deleted)
CMH-based environmental education

The sort of potency of powerful topic choice Orr suggests has been validated by
a number of water-themed learning programs prior to and during the Connecticut in the
Classroom evolution. Several mentoring projects I had overseen during my tenure at

the museum served as models in framing the Initiative grant applications. I revisited
two of these quite comprehensively with thqATCE team, since they each had water as
their overarching topical focus and were thus salient. Our objective in this discussion
was to investigate in-house learning enterprises which could provide specific point to
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apt but global theory such as that derived from Thomashow (whom I heard speak, most
eloquently and insightfully, during a Connecticut River Education Initiative seminar)
and Orr. The first of these, Science League, involved a small group of twelve-year-old
CMH junior volunteers who spent a weekend day or two once or twice a month in a
multi-year enterprise involved in learning and then implementing basic inquiry-based
science methods in activities focused on the Connecticut River and the linked Holyoke
canals. They were part of a three-museum Rivers Group, working in tandem on line
with peers from the Montshire Museum of Science in Norwich, VT (also focusing on
the Connecticut River) and from the Boston Museum of Science (investigating the
Charles River). This elaborate project, coordinated through the Office of the President
of Hampshire College, encompassed three other ecologically-driven water-investigation
groups as well, each of these composed of young teens representing a New England
children’s, science, or discovery museums, twelve in all; the other groups were Oceans,
Streams, and Ponds.

While linked with a strong Web presence, particularly important given the
widely-dispersed venues of participating institutions, there was also much sharing of
experience and knowledge in a series of site visits within and among the four groups.
For instance, my colleague Terry Kamecki and I brought the CMH-based youth to the
Montshire Science Center in Norwich, VT for a Rivers Group science marathon day
including an afternoon bog walk (a three hour excursion in torrential rain, quite the
adventure for all involved). We also did extensive water testing comparing organic and
inorganic presence in water from the river, the bog, and streams and puddles near the
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Montshire, and performed multiple other inquiry-informed experiments facilitated by
Science Center professional staff.
I also brought the young people, during various separate trips, to the Boston
Children’s Museum, the Boston Museum of Science, and on an overnight camp event in
the Boston Aquarium called, appropriately yet ironically enough, “Sleep with the
Fishes.” Part of the latter experience included an afternoon harbor cruise to investigate

local aquatic life forms while aboard the Doc Edgerton, a Boston Aquarium laboratory
excursion boat used in the Aquarium’s Science at Sea program. When the institutions
convened at CMH, we did a canal walk, culminating in a visit to the Hadley Falls Fish
Lift, where even the most sophisticated Boston teens were fascinated by the huge glassfronted elevators raising hundreds of shad at a time, along with a few Atlantic salmon,
sea lampreys, and other anadromous fish, to enable them to get beyond the impediment
of the dam in their migration back up the Connecticut. This was then elaborated upon
in a two-hour ‘Invent a Fish Lift’ activity, incorporating the full panoply of Science,
Engineering, Math, and Technology Curriculum Frameworks, quite invisibly yet
deeply, into an engaging activity. The day ended with the participants camping for the
night in the three-story climbing structure in the museum atrium.
The second mentoring project that I shared with my colleagues was a multi¬
tiered one across several age brackets, completed as part of the local Parent
Involvement Project (PIP).

12

In this instance, the TVs were trained principally by

AmeriCorps volunteers (all seventeen- to twenty-one years of age, whom I had trained
previously in elementary informal science protocols) to help out with PIP-sponsored
family science nights at the museum. During the biweekly evening workshops at the
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museum, both groups—AmeriCorps and JVs—then worked together to present the
series of engaging and educational hands-on family science tabletop activities that they
had jointly developed and tested. I targeted each of the science activities in this
particular three-month cycle to the topic of water. This was due in part to the potency
of the topic and the broad range of imaginative activities which can be derived from it;
principally, however, I made this choice tactically as a way to maximize our PIPcentered work by linking it to the research I needed to support the incipient Connecticut
in the Classroom Initiative. Some of these water-centered activities were derived

directly from the literature, a number were adapted from source material, and still others
were created totally in-house, by the JVs and their mentors, occasionally with adult
input, more often framed entirely by the youth.
The work the JVs did with their older mentors provided a relevant prototyping
sequence, highlighting both successful and unsuccessful activities and giving us much
13

substantive—and well-documented, particularly photographically —information as to
which of these many activities worked best for which age groups. In turn, we used
these insights to craft the highly successful facilitated workshops for the Holyoke Public
School groups. Of course, those were run by staff, not JVs, since the latter are in school
themselves during the times the workshops are presented, but their efforts were totally
useful, directly exportable into the school group visit context.
All this real-world experience generated at the Children’s Museum at Holyoke
made clear to us all how important Marie’s decision was to build JVs in as integral
project participants from planning through creation and on into the future life cycle of
ATCE. The work that the Junior Volunteers had done to this point in the project, first in
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helping to research the voluminous Connecticut River life forms subject matter and then
in creating the watershed-themed murals derived from that research, is an exemplar of
how ACTE can make use of this sort of adult-facilitated but youth-centered
programming in useful, thoughtful, content-rich ways. Another way in which JVs can
be recruited for doing important work in the exhibit context is as facilitators. While this
is only possible on weekends or during school vacations, it is a domain of great
richness, albeit one also requiring finesse in application, since not all young teens have
the social skills necessary to work with visitors in effective and appropriate ways that
align with and fully support the museum mission. Still, many examples of this sort of
work exist, both in-house and field-wide. As I discuss elsewhere, CMH is not
positioned fiscally to be able to hire additional floor staff; to be able to more effectively
enlist the enthusiastic input of its junior volunteer staff, as floor assistants, interpreters,
or facilitators, to provide visitors with new inspiration as to how to get the most from
their interactions with the exhibit would be most valuable institutionally. Falk &
Dierking (1992, p. 146) suggest, “Ultimately, the human link between the exhibit and
the visitor is likely to be the most important determinant of public understanding and
learning.” From such a perspective, then, this concept of elaborating the roles available
to CMH JVs has significant conceptual support.
I will use a discussion of school group visits to the exhibit as a transitional
device between this topic and that of teacher involvement in the project more generally.
Discussions with children revealed that they did not enter a field trip experience
devoid of notions of what would or, more importantly, should occur. Most
children, even quite young children, could articulate what they anticipate
happening on the trip. Furthermore, most children would also express what they
hoped would occur on the field trip. Their expectations included a long bus ride,
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a day away from school, a special lunch (purchased or brought from home), and
some kind of “lesson” taught by an “expert.”
For a visit to a museum, the children’s hopes included seeing favorite
exhibits. “Favorite” was determined either by their own past experiences, or
those of other people they knew, including parents and friends. Virtually every
museum possesses a reputation for certain exhibits which in a very real sense
precedes the museum and may well affect the visitor’s behavior once inside.
Children also relished the possibility of buying something at the gift shop, and
most had brought a small amount of money for that purpose. (Falk & Dierking,
1992, p. 30)
A point made by Clark puts the issue into a broader frame of reference. School
group visits to the Children’s Museum at Holyoke have become much more targeted
over the six years of the developing Connecticut in the Classroom Initiative. However,
because they are more firmly linked to both museum facilitators’ and Holyoke public
school teachers’ competencies, the content presentations have become more seamless,
and the grade-level-targeted curriculum guide sections have increased teachers’
incorporation of topically-linked pre- and post-visit learning modules in their classroom
praxis. Hence, the uncovering of relevant curricular components can be more
emphatically driven by the special quality of being in the museum environment, as
children anticipated.
[R]eal embodied intelligence, we have seen, is fundamentally a means of
engaging with the world—of using active strategies that leave much of the
information out in the world, and cannily using iterated, real-time sequences of
body-world interactions to solve problems in a robust and flexible way. (Clark,
1996, p. 98)
These body-world interactions, again, are more readily carried out in the more
expansive environment of the museum than in the limited space of the classroom. More
to the point, the Initiative preparation has made all professionals more adept at
maximizing the learning that can take place about the river, the canals, and water more
generally. As touched on in Chapter 1, a core construct informing the planning process
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resulting in this Initiative was the recognition that helping partnering teachers become
more proficient in the praxis of constructivist pedagogy is an important step with long¬
term positive outcomes, for both the teachers and their students. Instantiations of the
theoretical stance supporting this approach, so critical to the full success of ^TCE-based
programs in the future, come from Constructivism: theory, perspectives, and practice.
As constructivism began to take hold among cognitive scientists as a viable
model to explain epistemology and behavior, it began to have an effect on
models of education. A constructivist pedagogy began to be formulated and
major reform began taking place. Classrooms soon became workshops, with
teachers as facilitators, rather than transmitters of knowledge. The role of
questioning, disequilibrium, learners paraphrasing each other and discussing
ideas in learning communities, the importance of think time and pair talk, and
the role of problem-solving and inquiry all began to be descriptive of the “new”
classroom. (Fosnot, 2005 c, p. 279)
Later in her epilogue (ibid, p. 285), Fosnot summarizes that approach by saying,
“The classroom, in a sense, becomes a workshop as learners investigate together.” This
structure and format has been characteristic of the children’s museum field at large, and
of the practice carried on within the Children’s Museum at Flolyoke more particularly,
by many talented practitioners; it seemed the most relevant encodeable, transferable
attribute, museum-context to school-context, that we could seek to implement. I also
knew, from years of presenting inquiry-based training workshops to local and regional
teachers, how deeply so many of them wanted to become effective constructivist
teachers, even in the face of the conservative focus on so-called standards based, topdown, high-stakes-test-driven practice so common currently. Many of the best
practitioners are fully aware of how utterly this contradicts all the cutting-edge research
on learning theory, brain-based cognitive science, and the rest of constructivist studies.
Constructivism is a theory about learning, not a description of teaching. No
“cookbook teaching style” or pat set of instructional techniques can be
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abstracted from the theory and proposed as a constructivist approach to teaching.
Some general principles of learning derived from constructivism may be helpful
to keep in mind, however, as we rethink and reform our educational practices.
•

•

•

•

Learning is not the result of development; learning is development. It
requires invention and self-organization on the part of the learner. Thus,
teachers need to allow learners to raise their own hypotheses and models
as possibilities, test them out for viability, and defend and discuss them
in communities of discourse and practice.
Disequilibrium facilitates learning. “Errors” need to be perceived as a
result of learners’ conceptions, and therefore not minimized or avoided.
Challenging, open-ended investigations in realistic, meaningful contexts
need to be offered which allow learners to explore and generate many
possibilities, both affirming and contradictory. Contradictions, in
particular, need to be illuminated, explored, and discussed.
Reflective abstraction is the driving force of learning. As meaning
makers, humans seek to organize and generalize across experiences in a
representational form. Allowing reflection time through journal writing,
representations in multisymbolic form, and/or discussing connections
across experiences or strategies may facilitate reflective abstraction.
Dialogue within a community engenders further thinking. The
classroom needs to be seen as a “community of discourse engaged in
activity, reflection, and conversation.” The learners (rather than the
teacher) are responsible for defending, proving, justifying, and
communicating their ideas to the classroom community. Ideas are
accepted as truth only insofar as they make sense to the community and
thus they rise to the level of “taken-as-shared.”

Learning is the result of activity and self-organization and proceeds toward the
development of structures. As learners struggle to make meaning, progressive
structural shifts in perspective are constructed—in a sense, “big ideas.” These
“big ideas” are learner-constructed, central organizing principles that can be
generalized across experiences, and which often require the undoing or
reorganizing of earlier conceptions. This process continues throughout
development. (Fosnot & Perry, 2005, pp. 33-34)
The crisis in public education presents museums with an opportunity to take a
leadership role in affecting quality learning practices. . . . Museums can and
should now demand to be equal partners with schools in the educational
enterprise. Already many museums . . . run extensive teacher education
programs, particularly in inquiry, object-based, and hands-on learning.14 . . .
More and more, museums are developing multiple-visit programs to ensure
greater educational impact and to build longer-term relationships with both
teachers and students. Those in formal education are gaining an increased
awareness, catalyzed in part by the writings of noted educational psychologist
Howard Gardner, of how effective and motivating museum-based learning is.
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Consequently, the knowledge of how such learning can be facilitated, and
hopefully [sic] also of why it is so effective, becomes a salable commodity.
(Falk & Dierking, 2000, p. 226)
Environmental education, as it applies to all aspects of environmental studies,
must strive to integrate three interconnected domains of knowledge: content,
process, and reflection. Content is the information that flows through a system,
the relevant phenomena of a system or object of study, the extrapolation and
observation of relevant data. Process refers to the ways that people share and
use information, the relational context in which learning occurs, the way
information is represented. Reflection is the personal or collective interpretation
and contemplation of information, its psychospiritual implications, its deep
meaning. These are dynamic, fluid categories, composing an integrated
approach to learning.
In a field as wide-ranging as environmental studies, there will always be
curricular debates about the most important content, what is often referred to as
the “knowledge base” of environmental studies. As the range and depth of
environmental information become increasingly specialized and complex,
discussions about the most appropriate knowledge base become even more
controversial.
One cannot know everything, so what is [sic] that everyone should know?
Depending on the specific orientation of the learner (career plans, interests,
proclivities, etc.) the right formula will be idiosyncratic. Understandably,
teachers and students alike will have strong opinions about what environmental
studies students should know. Suffice it to say that any content mix should be
reasonably interdisciplinary and include the necessary ingredients for ecological
thinking, which involves an understanding of ecological principles, investigation
of the metaphorical implications of ecological relationships, and the application
of ecological principles to the human sciences and humanities. The theory and
practice of field ecology and environmental science are appropriate building
blocks, providing an analytical understanding of ecological systems. Most
critical is the learner’s ability to observe complex systems and learn how to
extrapolate relevant information and patterns, distinguishing the substantive
concerns. This can be achieved at any educational level, as long as the
corresponding subject matter is developmentally appropriate. (Thomashow,
1998, p. 172; emphasis added)
There is, however, a significant concern inherent to this programming, which we
were well aware of based on extensive experience with school group visits, namely the
lack of confidence on the part of the teachers organizing and supervising the visits as to
their capacity to actually achieve this goal, namely to teach their students the art of
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extrapolating the principles and patterns that are most relevant in any particular domain
of investigation.
We would suggest that, currently, the majority of teachers feel greatly
intimidated and even fearful when they bring their classes to museums. They
have no strategies in their “kit” for facilitating learning in this environment.
Any possible learning objectives are therefore overtaken by structural, taskoriented objectives as these are more concrete and immediate. Teachers have
many causes for concern: losing children, risking the reputation of their school,
not knowing where to go, being asked questions they cannot answer, and not
having any back-up as they do at school. In addition, teachers have a lifetime of
mixed (at best) memories of excursions. (Griffin & Symington, 1997, p. 775)
A subset of this issue of confidence in competence encompasses that of teachers
being able to sustain an appropriate stance or standpoint toward the material, one that
can scaffold the relevant—and complex—content without becoming strained or
pedantic.
Creativity, connectedness, spontaneity, and other qualities (of brain-based
learning) are frequently light and playful in nature. By taking the task too
seriously, both teacher and student may downshift to some degree and then
become less capable of optimal performance.
The teacher’s job is to invite and encourage students to experience and recreate
the appropriate information in as many ways as possible. The key to being a
more effective educator, therefore, is not simply to find a specific methodology
or technique. It is to grasp what actually happens in the brain during learning
and to appreciate how all the different components of experience work together
to help the brain do its job. (Caine & Caine, 1991, pp. 124-125)
A reference which provided additional guidance in considering the above factors
emerged from Willing to learn: it addresses in tandem both the learning of children and
of their teachers.
It should be possible to teach children to be participant observers, able to think
about dissonance between their position and the characteristics of the larger
system, in order to prepare them to be citizens, just as it should be possible to
teach beginning teachers to be loyal critics of the school systems in which they
are immersed. (Bateson, 2004, p. 259)
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My understanding, in speaking with teachers, supervisors, and their museum
colleagues in the Initiative, is that the extensive work by the participating Holyoke
teachers in developing curriculum that is totally relevant, engaging, developmentally
appropriate, and teacher-crafted rather than being imposed arbitrarily from an external
source has, virtually without exception, made this body of curriculum a hugely popular
one with the teachers. The knowledge that their peers had crafted the creative and
locally-based guidelines for their various units eliminated the sense of detachment that
so often greets newly introduced curricular efforts that do not incorporate such local
input. Broadhead (2006, p. 202) provides a bridging passage between the work done by
these teachers more generally and in the action research as it determined the progression
of ATCE.
The article urges practitioners to see observation and interaction as
practitioner research and formative assessment and to recognise [sic] the
potential for extending their own professional knowledge, especially when
engaged in these activities alongside similarly engaged colleagues. This fosters
a community of reflective practitioners who, together, are extending their own
knowledge and understanding of children’s learning processes.
The applicability of action research to the teachers in their classroom efforts as
well as in their professional development enterprises more generally is clarified as
follows in How people learn:
Action research represents another approach to enhancing teacher learning by
proposing ideas to a community of learners. Action research is an approach to
professional development in which, typically, teachers spend 1 or more years
working on classroom-based research projects. While action research has
multiple forms and purposes, it is an important way for teachers to improve their
teaching and their curricula, and there is also an assumption that what teachers
learn through this process can be shared with others. Action research
contributes to sustained teacher learning and becomes a way for teachers to
teach other teachers. It encourages teachers to support each other’s intellectual
and pedagogical growth, and it increases the professional standing of teachers by
recognizing their ability to add to knowledge about teaching. Ideally, active
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engagement in research on teaching and learning also helps set the stage for
understanding the implications of new theories of how people learn.
(Bransford, Brown, & Cocking, 2000, p. 199; citations deleted)
The approach is certainly sufficiently open-ended to bring all age groups of
children as well as all categories of teachers from first-year practitioners to seasoned
veterans into the learning community. Another selection from the National Research
Council’s How people learn (Bransford, Brown, & Cocking, ibid, p. 11) is exemplary of
thematic connection of the river to a work of literature for very young children.
Fish is Fish (Lionni, 1970) describes a fish who is keenly interested in learning
about what happens on land, but the fish cannot explore land because it can only
breathe in water. It befriends a tadpole who grows into a frog and eventually
goes out onto the land. The frog returns to the pond a few weeks later and
reports on what he has seen. The frog describes all kinds of things like birds,
cows, and people. The book shows pictures of the fish’s representations of each
of these descriptions: each is a fish-like form that is slightly adapted to
accommodate the frog’s descriptions—people are imagined to be fish who walk
on their tailfins, birds are fish with wings, cows are fish with udders. This tale
illustrates both the creative opportunities and dangers inherent in the fact that
people construct new knowledge based on their current knowledge.
A passage having comparable utilitarian yet charmingly evocative qualities
comes from Sparks of genius; it provides a single example of a non-obvious, non-trivial
point of departure, perfectly topically relevant, which may be drawn from ACTE
thematics and consequently become a source of significant—and perhaps even
inspired—extended learning. “In his essay, ‘On Being the Right Size,’ J.B.S. Haldane
once observed that an ant experiences the surface tension of a drop of water as if it were
wading through glue, while we hardly notice the tension at all” (Root-Bemstein, &
Root-Bernstein, 1999, p. 215). Certainly, many analogous species-pertinent, scalecomparing, theatre- and drama-evoking instances may readily be inferred and converted
to curricular use.
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A metagoal of the Connecticut in the Classroom Initiative was derived from
Trumbull (2000, p. 15); we were, throughout, seeking to support and scaffold “ ...
changes in the way elementary teachers and students learn science and learn about
doing science,” along with learning and doing art, and music, social sciences, and the
like.
The brain has an enormous innate capacity to deal with parts and wholes
simultaneously. The brain can deal with the interconnected, interpenetrating,
“holographic” world, provided it is encouraged to do so. One common thrust of
many new methods of teaching is that they have this sense of
“embeddedness”-—a sense of wholeness that emerges out of seeing how
academic subjects relate to each other and how human beings relate to the
subjects. Thematic teaching and the integration of the curriculum are only two
approaches to learning that epitomize this kind of teaching. That is why they are
so powerful and effective when they are done well. In effect, such approaches
orchestrate complex experience in a way that takes advantage of what the brain
does well. They do not limit the brain by teaching the memorization of isolated
facts and skills. (Caine & Caine, 1991, p. 36; citation deleted)
This authentic and holistic approach is also advocated by Berger:
One possible antidote to the stress of individual competition is to encourage
team research projects, in-class discussion groups, and after-school study
groups—all of which allow students to succeed if they cooperate. Because
accomplishing the learning task requires that students assist rather than surpass
their peers, the social interaction that teenagers cherish is actually used
constructively to enhance education. (Berger, 2001, p. 419)
The full elaboration of the Connecticut in the Classroom Initiative within the At
the Canal’s Edge exhibitry suggests a set of interrelationships occurring within and

across multiple places, including the museum, the various school buildings, canal’s
edge venues, riverfront access points, and other river-linked spaces in the watershed
such as ponds, streams, and wetlands, as well as virtual spaces. This is an expansive,
multivalent, and richly interconnected learning environment, and one which
accommodates inclusion of all potential users, children and adults alike.

169

Multiple Intelligences

Learning style is an important aspect of personal context. Howard Gardner has
developed one theory of learning styles with important implications for museum
educators. His model proposes that people are bom with the potential to
develop a multiplicity of “intelligences,” which can be added to the conventional
logical and linguistic skills constituting I. Q. (Falk & Dierking, 1992, p. 101;
citation deleted)
“Visitors said they appreciated the opportunities provided ... to learn in
different ways and to engage many of their senses” (Falk & Dierking, 2000, p. 159).
Howard Gardner, the developmental psychologist who conceptualized the theory of
multiple intelligences, frames the pedagogical implications thereof thusly: “It is a
cardinal principle of this theory [of multiple intelligences] that thinking does not and
cannot occur apart from interaction with real materials in a living context” (Gardner,
1993, p. 120). I find this a parsimonious validation of the inextricable interaction
between cognition and context which, as noted, is so deeply privileged in children’s
museum praxis.
“The application of multiple intelligences to education is a grass roots
movement among teachers that is only just beginning” (Bransford et al., op cit., p. 101).
In the same passage, this perspective is amplified and summarized by the editors of this
National Research Council publication, as follows.
Just as the concept of multiple strategies has improved understanding of
children’s learning and influenced approaches to education, so, too, has the
growing interest in multiple forms of intelligence. In his theory of multiple
intelligences, Gardner proposed the existence of seven relatively autonomous
intelligences: linguistic, logical, musical, spatial, bodily kinesthetic,
interpersonal, and intrapersonal. Recently, Gardner proposed an eighth
intelligence, “naturalistic.” The first two intelligences are those typically tapped
on tests and most valued in schools.
The theory of multiple intelligences was developed as a psychological theory,
but it sparked a great deal of interest among educators, in this country and
abroad, in its implications for teaching and learning. The experimental
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educational programs based on the theory have focused generally in two ways.
Some educators believe that all children should have each intelligence nurtured;
on this basis, they have devised curricula that addresses each intelligence
directly. Other educators have focused on the development of specific
intelligences, like the personal ones, because they believe these intelligences
receive short shrift in American education. There are strengths and weaknesses
to each approach.
An appropriately open-ended pair of queries which allude to this stance comes
from an early work by John Holt (1964, p. 79). “Isn’t there something to be said for
asking, whenever possible, questions that can be answered without words? Questions
that can be answered by doing something, showing us something?” (emphasis added).
A slightly different framing of this theme, so deeply and broadly connected to exhibitry,
is presented as sensory learning styles by David Elkind in Reinventing childhood:
Some children learn best from hearing things, others learn best from seeing
things, still others learn best if they can actively explore the materials to be
learned, while yet another group learns best from some combination of these
modes. This does not imply, of course, that an auditory learner cannot learn
visually or a visual learner cannot learn by listening—they can. But each learner
has a preferred mode and will find learning easier if the material is offered
primarily in this preferred mode. Knowing this, most early childhood
environments now provide a mix of visual, auditory, and tactile materials to
support the full range of learners .. . (Elkind, 1998, p. 96)
Hein, too, draws specific connections between Gardner’s work and the learning
environments of the museum world.
For educational practice, this theory [of Multiple Intelligences] encourages
expanding educational activities beyond traditional verbal material organized to
appeal to logical-mathematical thinking. All human beings possess all of the
intelligences, although individual may have preferences for particular ones.
Therefore, when planning exhibitions or programs, museum staff should
consider multiple ways to involve their audience by exploiting all the senses
(activated for musical, spatial, and bodily-kinesthetic intelligences) as well as
other learner capabilities. (Hein, p. 165)
An encapsulate encoding is simply, “When it comes to the design of spaces, we
are more likely to create interesting and exciting learning when we try to accommodate
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as many of the intelligences as possible” (Nair & Fielding, 2005, p. 71-72).
Additionally, Mitchell Thomashow articulates the approach in more specifically
ecological parameters, globally impacting the broadest framework of the exhibit’s
development.
People have highly individualized learning styles—approaches to information,
ways of interpreting experience, methods of conveying ideas, and so on, that
vary according to how they learn and what is important to them. This is
commonly referred to as multiple learning styles, an inclusive and diversified
approach to education, indicating that there are many valid ways to learn
something [and, I might add, to know something]. One person would rather
write an essay, another might like to develop a chart, another would prefer to
draw a picture. Similarly, some prefer lectures, others like hands-on activities.
The skilled teacher strives to achieve an appropriate balance. Ideally, teacher
and learner alike should be proficient with several approaches, or at least be able
to integrate them, developing a portfolio of learning styles. Versatility is not
only a matter of the breadth of one’s knowledge, it also reflects one’s diversity
of conceptual expression.
For ecological identity work, respecting multiple learning styles is crucial, as
the goal is to find whatever means possible to convey and interpret one’s
experience of nature. (Thomashow, 1998, p. 186)
Gardner himself provides a simplified, metaphoric schematic of an effective
way in which to view this issue.
My own belief is that any rich, nourishing topic—any concept worth
teaching—can be approached in at least five different ways that, roughly
speaking, map onto the multiple intelligences. We might think of the topic as a
room with at least five doors or entry points into it. Students [or museum
visitors] vary as to which entry point is most appropriate for them and which
routes are most comfortable to follow once they have gained initial access to the
room. Awareness of these entry points can help the teacher introduce new
materials in ways in which they can be easily grasped by a range of students;
then, as students explore other entry points, they have the best chance to develop
those multiple perspectives that are the best antidote to stereotypical thinking.
[Gardner itemizes these five entry points as being narrational, logicalquantitative, foundational, esthetic, and experiential]. (Gardner, 1991, p. 245)
Such a cross-disciplinary utility of the approach is consistently referenced—viz.,
With the growing awareness of how the brain works and the ability to integrate
multiple-intelligences theory more fully into the learning experience, it is now
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evident that the arts are part of, and not separate from, the other disciplines.
(Nair & Fielding, 2005, p. 41)
I will provide but one instance of the myriad ways in which Gardner’s potent
theory might serve to provide point for a particular visual art form in the museum.
“Museum theater represents one particularly powerful, and often underappreciated, way
to utilize staff to facilitate learning. Everyone loves a performance. .. . Fortunately,
many museums are exploring how to use the narrative form more effectively in
exhibitions, programs, and even on line” (Falk & Dierking, 2000, p. 191).

Global utility of action research
The first question ... is, “What is going on here?” Eisner15

My decision to make use of action research protocols in structuring this
dissertation was one which required considered reflection even before research proper
began; I knew it would be far more time-consuming, thought-requisite, and laborintensive than alternate approaches. At the same time, I also recognized that AR was
methodologically precisely suited to my purposes as a children’s museum practitioner.
It would enable me both to investigate the topic and to impact the project development
trajectory with exceptional depth, breadth, and effectiveness. In an effort to further
explain my reasoning, based on the high level of utility of the method to the project to
be developed, I will begin this section, devoted to an explication of the approach, with a
passage distinguishing more traditional experimental-design research from the
naturalistic methodology which subsumes the action research protocols that I used.
The important distinction between [experimental-design and naturalistic]
approaches has to do with the relationship between data and the working
hypothesis, or conceptual framework, within which the data is collected.
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Empirical-design researchers collect data to support or refute a hypothesis. This
kind of research requires a hypothesis amenable to empirical study as a
precondition to starting data collection. The data must either support or refute
the proposition. Thus, significant intellectual energy must be spent on defining
the research question in such a way that relevant, valid, and reliable data that
address the question can be collected. As a consequence, there is much concern
that the research question be framed in behavioral terms, since only behavior
can be observed. Within this system it is also difficult to discover anything that
is outside the framework of the research question that guided the inquiry.
In contrast, naturalistic researchers, although their methods vary considerably,
approach a human situation differently. They do ask questions, but these may
be more general and may be framed in language that goes beyond behavior.
“What does this custom mean?” or “What meaning will visitors make of this
exhibit?” are reasonable questions in naturalistic research, and the data are not
analyzed in terms of previously determined categories. Rather, the analytic
categories grow out of the data; they are allowed to “emerge” from the narrative
material collected, whether it is observations, interviews or other sources. (Hein,
1998, pp. 73-74)
Geertz’ semiotically-titled Available light provides a wry, and only partly ironic
self-critique and thus a commensurately oblique methodological set of caveats and
concerns.
The worry on the science side has mostly to do with the question of whether
researches which rely so heavily on the personal factor—this investigator, in this
time; that informant, of that place—can ever be sufficiently “objective,”
“systematic,” “reproducible,” “cumulative,” “predictive,” “precise,” or
“testable” as to yield more than a collection of likely stories. Impressionism,
intuitionism, subjectivism, aestheticism, and perhaps above all the substitution
of rhetoric for evidence, and style for argument, seem clear and present dangers;
that most dreaded state, paradigmlessness, a permanent affliction. What sort of
scientists are they whose main technique is sociability and whose main
instrument is themselves? What can we expect from them but charged prose
and pretty theories? (Geertz, 2000, p. 94)
As noted in Chapter 1, action research is predicated on successive iterations of
investigating and revisiting, typically following plan—act—observe—reflect cycles, all
rendered with deeply self-conscious evaluation. “A practitioner who reflects-in-action
tends to question the definition of his task, the theories-in-action that he brings to it, and
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the measures of performance by which he is controlled” (Schon, 1982, p. 337).
Likewise, AR is a bootstrapping methodology: it enhances both personal and
professional development and institutional efficacy and excellence through reflectivelygenerated changes grounded in the cyclic research methodology; little wonder Geertz is
sensitive to potential misconstrual. Nonetheless, through the use of this eminently selfevaluative methodology, I have worked to make progressively clearer the definitions
both of my task individually and of that of the project team collectively, to refine my
working hypothesis as to the trajectory and possible outcomes of the process, and to
continually clarify the performance metrics which we were using. Particulars of this
incremental evolution will be unpacked at length in Chapter 3., especially in terms of
AR loops generated and emergent goals developed.
Schon (1982, p. 338) also notes, “Reflection-in-action tends to surface not only
the assumptions and techniques but the values and purposes embedded in organizational
knowledge.” This process of explication, while direct and straightforward in theory, is
in practice a complex, sometimes confusing odyssey. “Extracting simplicity takes
work” (Purcell, 2003, p. 54); “Nothing replaces being there” (Eisner, 1991, p. 233).
AR is different in both kind and degree from other forms of research, even other forms
of qualitative research. The need, for instance, to be both immersed in the practical,
day-to-day workings of the project’s evolution while at the same time seeking to both
assess and document that evolution, imposed quite unequivocal, and quite challenging,
constraints; not the least of these proved to be the need to craft the particulars of the
protocols as they were being put into practice, rather akin to Gopnik and Meltzoff s
(1997) metaphor of Neurath’s boat, being reconstructed even as it runs under full sail.16
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The notion that all the factors in an environment are interconnected through a
network of relationships that has no hierarchical order leaves little alternative for
any research on that environment other than a naturalistic approach. If we
cannot isolate components and study them separately (without destroying that
environment), then it is necessary to study them as an integrated unit. That is
exactly what naturalistic research [the subset of qualitative research which
subsumes action research] sets out to do. (Hein, 1998, p. 83)
There is not much point in arguing about whether to involve ourselves with
matters inextricable from “this time or that place,” or to look past such matters
to ask how everything, everywhere, always is, unless we are clear about what we
expect to gain by taking one tack or the other. The dispute, which seems to be
about the worth of different paths to an agreed destination, is really about the
worth of alternative destinations, however arrived at. We are divided less by
method—one uses what avails—than by what we are up to.
The contrast here is familiar, but not less important for that: between those
who believe that the task of the human sciences (though they are likely to call
them “behavioral”) is to discover facts, set them into propositional structures,
deduce laws, predict outcomes, and rationally manage social life, and those who
believe that the aim of those sciences (though sometimes they will not agree to
call them “sciences”) is to clarify what on earth is going on [—viz., Eisner’s
“What is going on here?”] among various people at various times and draw
some conclusions about constraints, causes, hopes, and possibilities—the
practicalities of life. (Geertz, 2000, pp. 138-139)
McNiff & Whitehead (2006, p. 40) provide the dictum to action researchers,
“Your work is to influence learning for improving practice.” Directly linked in terms of
protocol application is Tabachnick & Zeichner’s approach, “A critical aspect of action
research as we understand it and have employed it in our own work ... is the notion of
strategic action: deliberate, considered action undertaken to bring about change” (1999,
p. 310; emphasis in the original). Since I am an insider to the concerns of the field and
to its basic schemas of operation, I determined that my influence in the project, since it
was invited, could readily be tailored to fulfilling this mandate; my own learning, being
extended through the expectations of the work, could then model this praxis-directed
learning sequence for everyone else involved, all with the tacit and explicit metagoal of
improving that praxis through the expanded learning.
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While many research approaches still tend to adopt an externalist stance, using a
form of thinking that sees things as separate from one another, action
researchers working with a living theory approach use a form of thinking that
sees things as in relation with one another. The aim of the researcher is to hold
themselves accountable for their learning and their influence in the learning of
others. . .. Power sharing happens when all parties perceive the other as
powerful, potentially able to speak for themselves and exercise their own
agency, and agree to talk with one another on those terms. It happens because
people see themselves as in relation with one another, as participants who are
creating their life world. They may even sometimes feel that they are in a
combative relationship with the other, but at least the recognition of a
relationship is a start, which can be developed. (McNiff & Whitehead, p. 42)
A useful aphoristic assertion which extends this explanation is, “ . .. observation
can never be separated from participation” (Bateson, 2004, p. 290). The fact that power
sharing was effectively subsumed by information sharing throughout the At the Canal’s
Edge enterprise made the procedure far less an issue, generally a non-issue, than it
might have been had my facilitation not been invited and pro bono. This absolute
integration of research with practice which I sought is procedurally validated by Geertz:
To my limited mind, direct and open acknowledgment of limits—this observer,
in this time, at that place—is one of the things that most recommends this whole
style of doing research. Recognition of the fact that we are all what Renato
Rosaldo has called “positioned (or situated) observers” is one of its most
attractive, most empowering features. The renunciation of the authority that
comes from “views from nowhere” (“I’ve seen reality and it’s real”) is not a
loss, it’s a gain, and the stance of “well, I, a middle-class, mid-twentieth-century
American, more or less standard, male, went out to this place, talked to some
people I could get to talk to me, and think things are sort of rather this way with
them there” is not a retreat, it’s an advance. It’s unthrilling perhaps, but it has
(something in short supply in the human sciences) a certain candor. (Views
from nowhere can be imaginatively constructed, of course. If they are done well
they can be, and in the natural sciences have been, immensely useful. But thus
constructed, they are in fact a particular variety of view from somewhere—the
philosopher’s study, the theorist’s computer). (Geertz, 2000, p. 137)
It is this power of disciplined personal reflection applied to authentic
professional practice which I sought to enlist and apply across the span of our group’s
work. I wanted not only to help produce a sequence of documents which would then
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render a powerful exhibit; I wanted also to produce a separate document, this one,
which then could be used by interested others field-wide as a tool to assist in the
creating of subsequent, exponentially more powerful, exhibits. “It is of capital
importance that those who work with children try to make explicit their ideas about
children, both for their own benefit and for that of others” (Henriques, 1990, p. 142). It
is this core value, this “ ... more direct and more general understanding
(Huizinga, 1950, p. 25) that was my global goal throughout. In order to get to such
understanding, I had to concentrate simultaneously on the project (concretely and
abstractly) and on the participants (individually, interactionally, and as representatives
of their respective institutions, agencies, or firms). Throughout, I had to work to, “See
and hear it like it is ... “ so that I could subsequently, “Tell it like it is.” In this as in so
many of my efforts regarding this project, Geertz (2000, p. 16) provided a useful frame
of reference.
To discover who [sic] people think they are, what they think they are doing, and
to what end they think they are doing it, it is necessary to gain a working
familiarity with the frames of meaning within which they enact their lives. This
does not involve feeling anyone else’s feeling, or thinking anyone else’s
thoughts, simple impossibilities. Nor does it involve going native, an
impractical idea, inevitably bogus. It involves learning how, as a being from
elsewhere with a world of one’s own, to live with them.
I will now expand upon the above explanation by referencing a series of critical
points from Hein’s canonical work Learning in the museum which serve to clarify
protocols within the method useful in authenticating findings.
Naturalistic research is more likely to provide insight into possible meanings or
explanations; it does not confirm or refute since it describes. It is, of course,
more likely to provide a means for noting unexpected outcomes, since both the
preferred data collection methods and the analytic methods are intended to
facilitate finding novelty.
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Reliability and validity are concepts central to all research in social sciences.
Validity refers to the extent to which information gathered is about the
phenomenon in question. Does the information gathered on a survey actually
reflect respondents’ views on the subject? Can student performance on a
particular test be used to decide on student placement into an advanced class?
Reliability refers to the repeatability of a measurement or data collection
method. If I carry out the same activity will I get a comparable result? .. .
Within their own models, both experimental-design and naturalistic research
traditions use concepts about “goodness” of the data collected and the match
between the research findings and the phenomena that they describe.
Experimental-design proponents continue to discuss reliability and validity,
while naturalistic researchers increasingly choose a different vocabulary, such as
“credibility” and “transferability” in place of validity and “dependability” in
place of reliability.
In naturalistic research, reliability has no formal definition. In the absence of
numerical, statistical results, there is no quantitative way to compare one set of
results with another and come up with a reliability coefficient. Since most
naturalistic research work does not attempt to make a one-to-one correlation
with other research, and usually acknowledges the differences as well as the
similarities between situations, reliability, in the statistical sense, is not a major
concern. (Hein, 1998, pp. 74-75)
I sought to isolate examples of triangulation whenever possible, most especially
in assessing findings from the sundry site visits. Hein gives point to this approach.
In naturalistic research, the equivalent of validity is approached primarily
through a complex process called “triangulation.” The term invokes the analogy
to the navigational process in which an exact location on the earth’s surface is
fixed by getting bearings from three different points. Similarly, naturalistic
investigators rely on the overlap of information from three sources, three
methods, or three perspectives to convince themselves (and their readers) that
the story they tell approximates a valid description of the phenomena observed.
Again, since there is no quantitative aspect to the conclusions of naturalistic
research, there can be no formal, mathematical discussion of validity. .. .
Naturalistic research does not make a sharp distinction between the more
sociological, political concerns that determine whether a set of findings are
accepted by critical readers and the methodological issues about the quality of
the research. It acknowledges that the way in which conclusions are considered
by readers is a part of the process itself. (Hein, 1998, pp. 74 ff.)
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Given the deep relevance of the construct of triangulation to the accumulation of
substantive evidence in support of my work, I will include additional explications, in
effect using triangulation, by definition, to elucidate the protocol.
Related to coherence as a criterion for assessing qualitative research and
evaluation is structural corroboration. Structural corroboration is the term I use
to describe the confluence of multiple sources of evidence or the recurrence of
instances that support a conclusion. In many evaluation circles it is called
triangulation. For a study to be structurally corroborated, one needs to put
together a constellation of bits and pieces of evidence that substantiate the
conclusions one wants to draw. (Eisner, 1991, p, 55)
Triangulation is the act of bringing more than one source of data to bear on a
single point. Derived from navigation science, the concept has been fruitfully
applied to social science inquiry. Data from different sources can be used to
corroborate, elaborate, or illuminate the research in question. Designing a study
in which multiple cases, multiple informants, or more than one data gathering
method are used can greatly strengthen the study’s usefulness for other settings.
(Marshall & Rossman, 1995, p. 144; citations deleted)
An instance of triangulation which grounded the overall project, determined in
the earliest phases of front-end evaluation, is the large number of quite elaborate water
tables to be found within children’s museums nationwide; this index of credibility
clearly demonstrates both a widely perceived need (for a fluid environment which
affords kinesthetic and proprioceptive experiences) and the appropriateness of this
particular type of solution to address that articulated need.
In this work (both the project and the dissertation), triangulation was the core
research device. It rendered substantive the type of exhibit (e.g., water-centered), the
integration of that typology into a regionally-based, watershed-inflected frame of
reference, and the particular lensing of an elaborated, closed-system, multi-age, multi¬
action, curriculum-connected array of equipment. Without the potency and efficacy of
triangulation, the project team would have had far less confidence in going forward with
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expending monies in excess of one hundred thousand dollars to formalize the overall
concept.
A major role of the action research in this effort was to compare and contrast the
various venues’ exceedingly various solutions, and cull the excellence, distill out
relevant attribute sets, and combine these into a punch list or protocol taxonomy.
I should also emphasize the utility I found in incorporating Bronfenbrenner’s core
construct of time as a prime determinant figuring into the way we thought about both
doing the fieldwork and then integrating the findings from that work into the subsequent
action research loopings. A succinct schematic of the iterative and recursive AR
mechanism is presented by Phillips (1995, p. 9).
Popper was fond of expounding his view in terms of a crude flow diagram:
problem-> tentative theory-> error elimination^ new problem
The tentative theory is a creation of the human intellect; the error elimination
(via testing) is done by nature.
An important part of the process of advancing this process towards completion
has been the incisive input I have received across the span of the work from a number
of friends and colleagues. This is a specified component of the action research process,
but one which often receives short shrift. The authors of The action research
dissertation frame the protocol in this fashion:
Because action researchers are so involved in the research process at multiple
levels and in multiple roles, it is common for action researchers to utilize critical
friends, or a validation team, and write this into the research process. These are
usually peers or colleagues, rather than dissertation committee members, willing
to debrief with the researcher, collaboratively make meaning, as well as pose
questions regarding how it is that a researcher “knows” what it is he or she
lmows. Critical friends often push researchers to another level of understanding
because they ask researchers to make explicit what they may understand on a
more tacit level. Action researchers, because of the intensity and longevity of
the research process, can use critical friends as vital sounding boards, to help
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them step back or out of the research enough to more thoroughly understand
what it is they are seeing and doing. (Herr & Anderson, p. 78; citation deleted)
McNiff & Whitehead (2005, p. 85) help to clarify this methodological necessity
more fully.
You need to submit your data and findings to rigorous critique at all stages. One
of the ways to do this is to get critical friends to give you feedback on your data
and your ideas. These persons can be drawn from your circle of professional
colleagues and can include other colleagues, parents, clients, students or anyone
else who is going to give you a sympathetic but critical hearing. You may have
one or several critical friends, depending on your needs. ... You will also form
a validation group for the duration of your project. This group will number
about three to ten, depending on your own circumstances. Their job is to meet
at crucial stages of your project, especially at the reporting stage, to scrutinize
your evidence and to listen to your claims to knowledge, and agree or not
whether your claims and their evidence base are coherent and believable.
Researchers are of course looking for positive feedback at these events, but
should be prepared for people to raise questions about taken for granted aspects,
which means going back and thinking again.
Validation groups meet with you of their own free will, so never abuse their
goodness of heart. Thank them properly, and acknowledge them in your report.
Throughout, then, I have sought to avoid fallacious reasoning, illogical
interpretation, or the error of passing analogies off as causes (e.g., to privilege the
distinction between correlation and causation). In any instances in which that is not
fully the case, the failure is mine, not that of my critical friends or of the members of
my validation group, acknowledged earlier.
I likewise sought to delimit robust and credible demonstrations, especially about
the practitioners and their praxis, and have from the outset been seeking progressively
(that is, incrementally, iteratively) better ways of addressing the framing as well as the
solving of the problem set delimited by the ATCE project. Herr & Anderson (2005, p.
73) address this challenge thusly:
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Formalizing the puzzles of practice into research is a way of working better
rather than doing more of the same only harder. What we are suggesting, then,
is that many action research questions come out of a frustration, a practice
puzzle, or a contradiction in a workplace ... often these are things a practitioner
has been giving thought to for some time. The research question most often
addresses something the practitioner wants to do better or understand more
clearly.
As noted previously, the global problem space circumscribed by ATCE
encompassed and referred to a number of long-standing professional frustrations of
mine, certainly puzzles to which I have been giving attention for a number of years.
The complexities and challenges of the Body of Water exhibit had been a pervasive
dilemma for me while responsible for its maintenance and improvement during my
tenure as CMH Exhibits Director; consequently, the opportunity to solve the main
examples or instances of these problems during the development of a next-generation
exhibit was highly engaging, generative, provocative, and finally deeply satisfying.
At a far less critical but nonetheless relevant order of import, my utilization of
action research protocols suits my personal learning style as well as my array of
Gardnerian intelligences.
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I self-report as being predominately kinesthetic,

interpersonal, and visuospatial. Hence, the fieldwork suited me both temperamentally
and by connecting richly with my skill sets and predilections. Observational learning,
analysis of user groups and individual children working in the myriad contexts of the
various venues, and the highly proprioceptive experiences of moving through those
enriched environments—along with the actual road trips which they necessitated—was
consistently interesting, exciting, and challenging. In short, action research provided
both an ideal methodology and a well-tailored taxonomy of terminology for my way of
being in the world and my efforts to make sense of it and make meaning from it.
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An additional aspect of action research which is particularly satisfying to me is
the privileging of the use of one’s own voice rather than being constrained by the
requirement that the narrative be couched in more distanced phrasing; this methodology
not only permits and enables, it encourages and privileges the grounding of the analysis
in authentic authorial voice. “As a professional you are in a privileged position where
you can use your voice” (McNiff & Whitehead, 2006, p. 49). Too, the concept of the
reflective practitioner has resonated strongly with me as being a procedurally
appropriate stance since I first encountered it some years ago. I have long thought that
Heisenberg’s observation that any investigation inevitably alters in some significant
way that which is being investigated applies to the research done in the social sciences
as well as in the more traditional sciences. Action research acknowledges, then
privileges, this verity; it folds it in to ongoing practice, simply as a matter of course.
Thus a primary research goal for me throughout the completion of both the exhibit
development process and the dissertation has been to “ . . . produce reasonable evidence
to support your claim to knowledge” (McNiff & Whitehead, ibid, p. 55), always with an
ear to presenting that credible evidence through the medium of personal voice, fully
reporting out the influence of that voice on the progress of the effort.
Another particularly salient point underpinning action research which makes it
most appropriate for this project as well as resonant for me in terms of my value system
and professional approach is that it privileges the expertise of all participants involved
in the process. “Practitioners should be regarded as competent professionals whose
practical knowledge is key to developing human capabilities, their own and other
people’s” (McNiff & Whitehead, ibid, p. 46). They go on to emphasize, “This idea of
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developing human capability is core to action research.” Procedurally, this is
accomplished by asking, ‘“How do I understand what I am doing? How do I improve
it?’, and generating evidence to support any claim that you have improved practice by
studying it systematically.” Another action research given that I find necessary to any
praxis is that it presupposes that, “ ... problematics [Me] are bound to arise, and part of
the process is learning how to negotiate difficulties and transform them into new
possibilities” (McNiff & Whitehead, ibid, p. 79). Each practitioner on the ATCE
planning team was esteemed as a competent professional, and the individual practical
knowledge they contributed synergetically augmented our expanding information base
and our capacity to assess that input and to then determine how best to make it useful.
“It makes a difference where things happen” (Geertz, 2000, p. 242); that is, not
only in the futurity of the exhibit, with its focus on place, was that factor relevant. It
was also of import in each meeting, each new loop of iterative practice. Our evolving
sense of regionalism became an operational mantra as the work moved ahead.
A clear example of the utility of the process due to its inherent flexibility
(serendipity, opportunism) is the way in which I got to view the stunning early
childhood environment at COSI. “Chance infuses all aspects of the inquiring life”
(Perkins, 1981, p. 235). I had, in fact, no idea that that was there when I arrived at the
venue; it’s not readily evident from their web site. I was only familiar with the major
Ocean exhibit, the reason for my visit. I had, the previous day, visited Pittsburgh
Children’s Museum, where I had a delightful chance encounter with a colleague from
the National Children’s Museum in Washington, DC. He was on the same sort of
driving research trip to the annual conference as I was, and introduced me to the four
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other National professionals traveling with him. We were pleased and amused to note
that we would all also be going to Columbus the next day, thus likely to reconnect prior
to arriving in Indianapolis. I mentioned, in passing, that the core thrust of my work was
looking at exemplary water exhibitions (they were doing a more general tour, as part of
a major planning program for their new museum, scheduled to open in 2010).
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When I did meet up with several of the National folks the next day as I was
leaving COSI, one of the women asked what I thought of the water area in the early
learning center—that conversational pleasantry was what cued me to go back and check
out the existence of a superb exhibit. Had she not mentioned it, I would have gone on
to Cincinnati without ever even knowing what targeted excellence I had missed.
Narrative
Such accounts are emblematic of a principal subtext of AR, that of narrative
(e.g., stories). Since narrative is the primary vehicle by which I am conveying the bulk
of my research, I will provide triangulation of its utility and applicability here.
“There was also a theoretical perspective . .. based in part on (the influential
child psychologist) Piaget, that a preschool child couldn’t follow an extended
narrative.” Since the late 1960s, however, that idea has been turned on its head.
At three and four and five, children may not be able to follow complicated plots
and subplots. But the narrative form, psychologists now believe, is absolutely
central to them. “It’s the only way they have of organizing the world, of
organizing experience,” Jerome Bruner, a psychologist at New York University,
says. “They are not able to bring theories that organize things in terms of cause
and effect and relationships, so they turn things into stories, and when they try to
make sense of their life they use the storied version of their experience as the
basis for further reflection. If they don’t catch something in [the metaphoric net
of] a narrative structure, it doesn’t get remembered very well, and it doesn’t
seem to be accessible for further kinds of mulling over.” (Gladwell, 2000, p.
118)
Gladwell simplifies and strengthens the point in alternate framings: “ . . . make it
perfectly literal, without any wordplay or comedy that would confuse preschoolers . . .
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teach kids how to think in the same way that kids teach themselves how to think—in the
form of the story” (Gladwell, 2000, p. 121; emphasis added); “And how much easier is
it to hang the hooks of knowledge on a story?” (Gladwell, 2000, p. 255). A correlative
sensibility emerges from The geography of childhood: “We learn our homeland from
stories, just as we learn nearly everything from stories” (Trimble & Nabhan, 1994, p.
20). These authors subsequently present the construct as logarithmically more complex
(ibid, p. 83): “Most. .. cultures perceive ‘the world and themselves within that world
as part of a continuous story composed of innumerable bundles of stories.
Telling stories, about ourselves and about others, to ourselves and to others, is
“the most natural and the earliest way in which we organize our experience and
our knowledge.” . . . Growing up among narratives, one’s own, those of
teachers, schoolmates, parents, janitors, and various other sorts of what Saul
Bellow once mordantly referred to as “reality instructors,” is the essential scene
of education—“we live in a sea of stories” [to revisit and reframe Caine and
Caine’s potent metaphor cited in Constructivism revisited section, this chapter].
Learning how to swim in such a sea, how to construct stories, understand stories,
classify stories, check out stories, see through stories, and use stories to find out
how things work or what they come to, is what the school, and beyond the
school the whole “culture of education,” is, at base, all about. The heart of the
matter, what the learner learns whatever the teacher teaches, is “that human
beings make sense of the world by telling stories about it—by using the
narrative mode for construing reality.” Tales are tools, “instrument[s] of mind
on behalf of meaning making.” (Geertz, 2000, pp. 193 ff; references deleted)
“The structure of the story is built into the human mind much like deep
structures of grammar, and it is largely through narratives that humans make sense of
and express their understanding of events and experiences” (Herr & Anderson, 2005, p.
64; citation deleted). Too, narratives support what Papert (1993, p. 17) calls, “ .. . the
successful oral style of young children’s learning.”
Some theories in cognitive science have proposed that knowledge consists of
these sorts of empirical generalizations. “Scripts” are a good example. Scripts
were originally proposed by Schank to provide an account of our everyday
knowledge. Scripts are cognitive structures that are supposed to have some
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predictive or generalizing force, but they are very different from theories.
Nelson has argued that much of the child’s early knowledge is organized in
terms of narratives. Narratives, at least on Bruner’s view, are another example
of a relatively atheoretical type of knowledge, of a kind of empirical
generalization. Narratives may sometimes involve “theoretical” notions like
causality, but the real constraints in narratives are simply the unities of time and
place. As someone once said about the philosophy of history, a narrative is one
damn thing after another. It is likely that some of our knowledge of the world
has this character. It consists of a set of fairly narrow generalizations about
which events typically follow which. (Gopnik & Meltzoff, 1997, p. 60; citations
deleted)
Similarly, empirical generalizations, we suggest, will typically be phrased in
terms of whatever theory the child currently holds. Nevertheless, the
generalizations themselves may not be predicted by the current theory. In fact,
when they are not predicted by the current theory, they may help induce the
succeeding theory. It is also possible, however, that some empirical
generalizations are never incorporated into new theories; they just sit around
being scripts and narratives, and one damn thing after another (or, if this sounds
too pejorative, they just sit around being the rich empirical texture of everyday
life, autobiography, literature, and history). [To which I would add, being
entirely sufficient, richly adequate, even if not in any way theoretical.] (Gopnik
& Meltzoff, ibid, p. 68)
My own fascination with water as a source of intense interest, fascination, and
delight goes back some fifty years; when I was eight, my father built a little pond for me
by damming up an area of perhaps a hundred square feet downstream from a hillside
spring. This became my favorite haunt for years, whether alone, with him, or with
friends. Here I was able to observe mysterious processes such as tadpoles transforming
into frogs, small snakes swimming in undulating patterns across the surface, multitudes
of water striders slightly dimpling the surface while they rapidly skittered about, and
dragonflies of many sizes and hues feeding on tiny insects hovering over the pool. As
is endemic with discovery learning, new questions were constantly suggested by
incremental observations: how could the water in the stone springhouse remain frigid
even on the hottest of summer days, even when the pond immediately adjacent was well

188

above tepid? How could that small snake manage to swallow the frog that seemed
bigger than it was? Did that have anything to do with the way frogs seemed to burrow
into the mud? And where did that green slimy plantlike stuff lining the edges of the
pond come from? It hadn’t been there in the springtime .. .

AR’s applicability to the project
In the following section of this narrative, devoted to lensing AR as it served the
ATCE project, I will be endeavoring to uncover as many pertinent processes, procedures
and protocols which have been integral to the planning process for the new exhibit at
CMH as possible, and as practical. In so doing, I will be holding in mind our praxis as
reflective practitioners in terms of Kuhn’s framing, “A paradigm governs, in the first
instance, not a subject matter but rather a group of practitioners” (Kuhn, 1970, p. 180).
I use a passage he writes immediately following (p. 181) to validate the work we
effortfully completed as being paradigmatic, in both his and Gardner’s sense of the
term, by seeking to alter the protocols of practice to better address the needs and
potentials of the Children’s Museum at Holyoke specifically and of the children’s
museum field more globally. My assumption is that by so doing, we assisted directly
and indirectly in the process of more clearly articulating those needs and potentials.
A revolution is for me a special sort of change involving a certain sort of
reconstruction of group commitments. But it need not be a large change, nor
need it seem revolutionary to those outside a single community, consisting
perhaps of fewer than twenty-five people. (Kuhn, ibid, p. 181)
“Reflective research requires a partnership of practitioner-researchers [my
colleagues] and researcher-practitioners [myself]” (Schon, 1982, p. 323). Across the
span of this project, then, action research served “ . .. both as an individual route to
professional development and as a collaborative route to professional and institutional
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change” (Herr & Anderson, op cit., p. 17). In part, this interactivity was arrived at by
formulating and formalizing, “ ... joint research designs between the participants and
the researcher” (ibid, p. 100). I was, from the outset, oriented toward impacting the
planning and development process as much as toward recording and analyzing it.
‘‘Action researchers accept full responsibility for exercising influence” (McNiff &
Whitehead, op cit., p. 30). I should note that my early audit of what the project would
entail included significant allocation of personal funds, especially to cover expenses
associated with travel to multiple venues around the eastern United States and related
documentation costs. Also, attending each InterActivity requires a substantial outlay of
personal cash. The gradual accumulation and internalization of such relevant factors
constitute some of my individual “learning pathways” (McNiff & Whitehead, ibid, p.
242).
It is traditional in educational research to develop a body of work that explores
nuances of very specific research questions that, though connected, spring from
questions often generated independent of practitioners. This approach can result
in each new investigation being functionally and conceptually separate from the
research that preceded it with little application to practice. A more practicebased approach would design studies collaboratively that complement, overlap
and equally ground theories of social science with the needs of practitioners. It
is insufficient to have a wealth of research findings about how visitors learn in
and from museums if these findings do not bear any relationship to practice nor
are designed to influence it. (Dierking et al., 2005, p. 1)
In this instance, the relevant question was in fact utterly practice-based; it was
predicated across its entire span of existence upon the full integration of the museum’s
pressing requirement to create a world-class exhibit of a highly particular nature. The
process had, in effect, been framed prior to my being invited into the work. I simply
had to recognize it for what it was, an exemplar of the sort of praxis to which Dierking
and her colleagues referred. To revisit the thesis which derived from this recognition, I
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have based the dissertation on the realization that action research could render an
effective methodological platform from which to both facilitate the complex process of
development of this elaborate exhibit in a children’s museum as well as serve as an
ideal framework by which to report out, assess, interpret, and summarize that process,
and subsequently disseminate that reportage.
The potential of action research becomes real when ideas are linked with action.
People can give meaning to their lives, because they stop talking about action
research and start talking about themselves as action researchers. They
communicate their ideas as theories of real-world practice, by explaining what
they are doing, why they are doing it, and what they hope to achieve. These
personal theories are also living theories, because they change and develop as
people change and develop themselves. The purpose of action research is to
generate living theories about how learning has improved practice and is
informing new practices. (McNiff & Whitehead, op cit., p. 13)
This commentary leads directly into consideration of my positionality within the
project. The specific fashion through which I had become integral to the ACTE
development (again, e.g., invited by the Executive Director of the museum to sit in as
an expert consultant, based both on her knowledge of my understanding of the museum
and the field and on our long-term collegial relationship) effectively constrained the
way in which I could legitimately frame both my actions and my reflections concerning
any implications those actions might possibly hold. It is perhaps also worth noting that
only after this working arrangement of invited participant had been formulated did I
think to extend the action research component of the project to encompass this
dissertation. In short, I never made an attempt, whether in interactions with any other
individuals participating in project team activities or in personal thinking or writing
about that work, to take a distanced, “outsider” stance. While that latter approach
would have provided a more convenient, “cleaner” perspective, it would in fact have
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been an artificially delimited one, hence inauthentic; I chose to accept, emphasize, and
seek to maximize the actuality of an insider, effectively an embedded AR practitioner.
I felt that my long tenure as Exhibits and Education Director at CMH precluded
my holding to a perspective of detached observer; rather, my insights into the culture,
operations, and institutional character and intentionalities of the museum obligated me
to adhere to an explicitly involved orientation. Of course, conversely, I held it a
necessary correlative obligation to spell out my interpretation of my role to my
colleagues during the unfolding of the work and in this dissertation as well. I mention
this to emphasize the organic and authentic nature of the unfolding of the process (e.g.,
neither trivial nor contrived in either pedagogical or organizational direction) as well as
its clear and direct applicability to action research parameters and potentials. As an
insider to the field more generally and to the organizational culture and operational
requirements of the Children’s Museum at Holyoke more particularly, I was able to
leverage insider positionality in my efforts at facilitating project development.
“Understanding the influence of an organizational structure . . . provides a basis for
considering its utilities and liabilities, its benefits and costs. It allows us to consider
other ways of doing things” (Eisner, 1991, p. 75).
In terms of obligations, however, as a consultant rather than a director, I had no
mandate for final decision-making: I could suggest, I could not decide. This stance
proved highly appropriate for action research practice: I could both provide input
expansively and report out fully and dispassionately, since I had no vested interest in
any given outcome above and beyond excellence, broadly interpreted. Thus my
defining of, participation in, and facilitation across each of the loops of the action
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research spirals which generated the final exhibit were able to be fully involved and
integrated, both demanding and rewarding. An unanticipated positive outcome of this
targeted methodology was that while I was able to provide this relevant professional
input, I could simultaneously engage in self-study as well, reflecting upon my practice
as a children’s museum professional, designer, educator, and child developmentalist. .
The thrust of the investigative approach, namely not to merely apprehend and
comprehend a situation but to function as a change agent in the advancement of that
situation, neatly corresponds to my perception of my best role in the process, that of a
reflective practitioner. AR permitted me the opportunity to keep examining the global
constructs framing the planning process while at the same time privileging my input at
scales from global to microanalytical, hence giving me the flexibility to be as
provocative or deferential as I felt the particular point in the process warranted or
demanded. Herr & Anderson parse this sort of action research situation as follows:
The tacit knowledge that a practitioner acquires over months and years of
working in a site raises both logistical and epistemological issues. Logistically,
this tacit knowledge is an advantage in that it would have to be reproduced from
scratch through ethnographic research at a new site. However, it raises
epistemological problems in the sense that unexamined, tacit knowledge of a site
tends to be impressionistic, full of.. . impressions and assumptions that need to
be surfaced and examined. (Herr & Anderson, 2005, p. 35)
In a parallel assessment which helped guide my work with the CMH team as
well as my subsequent recursive reflection phases about that work, Herr & Anderson
point out that
When researchers authentically positioned themselves as insiders doing action
research or self-studies, they moved individual, organizational, and social
transformation through actions taken within the setting to the forefront. These
authentic studies were more likely to engage in the traditional action research
spiral of iterative cycles of plan-act-observe-reflect. The increased
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understandings of practice and the practice setting that result from these studies
represent the “findings” of this type of self-reflective research.
(Herr & Anderson, ibid, p. 4; citation deleted)
In other words, the stance of the project development team (i.e., the perspective
of each of us, myself included, and all of us collectively) needed to be directed to
consistently and continuously moving the enterprise forward within the museum setting
with the specified intent of effectively and efficiently addressing all three levels of
transformation articulated by Herr & Anderson, namely individual, organizational, and
social. To maintain the veracity of this perspective, I, and we, needed to remain
cognizant of the mandate to apply three of Clifford Geertz’ dicta: first, to engage in
“deep hanging out” (Geertz, 2000, p. 110; citation deleted); second, to be pedagogically
opportunistic, since, as quoted previously, “ . . . one uses what avails . . . . “ (ibid, p.
138); and third, to keep in mind that, “The central question to ask is, What does it tell us
about the values by which we—all of us—in fact live?” (ibid, p. 38). “In the action—
reflection process, your embodied values become clear as they emerge through your
enquiry” (McNiff & Whitehead, p. 73). This values-driven sensibility maps fully onto
the intentionality of all participants in th qATCE project as well as onto my personal
goals relating to what I set for myself as outcome objectives for this dissertation. It also
connects directly to my methodologically descriptive term of choice, “deep parsing.”
“We have to feel our way into the sphere ... .” (Huizinga, 1950, p. 40); once
there, we had then to become adept at navigating through its particular, peculiar paths.
As an index of this navigation, deep hanging out, and thick description, I spent
hundreds of hours working with Children’s Museum at Holyoke professionals, speaking
with practitioners at dozens of other institutions, and observing and conversing with
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children and adult visitors at the various venues at which I conducted research. Across
and throughout this navigational mapping, I have been trying for quiddity, that is,
seeking to capture the essential nature of a particular exhibit development process
within a particular children’s museum at a particular point in time. “The task is to
provide a useful interpretive picture of a complex and dynamic state of affairs” (Eisner,
1991, p. 119), an engaging yet demanding task indeed. It is worth noting that this
complex and dynamic view is made both richer and more challenging to present due to
its framing, time-embedded, thus constantly evolving, morphing to newer iterations.
It should be reemphasized that the global aspect of the outcome of the project
was a given from the outset: I was invited in as one of several knowledgeable
consultants only after the Institute for Library and Museum Services grant application to
plan and execute the project had been approved. Thus, there was no possibility of this
simply being a theoretical exercise; something was going to be conceptualized and
created before the end of 2006—the interesting part, of course, was that that something
was effectively ineffable at the outset, emerging into actualization only through the
action research-guided sequence of recursive revisiting of creative options. It is also
necessary to note that my being invited in to participate in the ongoing process came
about simply because I was, as it were, a known entity, as I had worked at CMH, most
recently as Exhibits and Education Director, for over six years. Both my capabilities as
an exhibits and programming specialist and the range of people I could enlist to join the
project planning situation as it evolved (because of my clear proclivity for extreme
networking), were fully understood by most of the professional staff at the museum.
While I had not had the pleasure previously of working with Marie Silver, the Program
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Director and the point person responsible for moving the project, her professionalism,
organizational expertise, and dedication to the project enabled me to be rapidly,
effectively and efficiently incorporated into the team as the guiding
researcher/practitioner, neatly paralleling her role as the lead practitioner/researcher.
One of the previous understandings I had developed across the several years of
defining, implementing, assessing, and redefining the goals and rubrics necessary to
concretize the vision for the Connecticut in the Classroom project was that participant
flow could be fluid. At the outset, my assumption was that it all had to be, so to speak,
set in stone: all responsibilities, timelines, and outcomes were to be pre-determined if
the project was to succeed. In the several years of elapsed time between the preliminary
conceptualization and the end of the first (planning) year of the grant cycle, I came to
realize that this is not only an unrealistic frame of expectations (staff move on,
organizational structures change, institutional priorities shift—all, on occasion, in
remarkably brief time spans), it imposes a rigidity of mindset that makes opportune
change very cumbersome to implement. In short, I began not merely to be able to
contend with but to actually enjoy the fluidity that multiple organizational partners in an
ongoing enterprise can provide. Along with such changing organizational faces at the
planning tables, of course, came literal changing faces of representative personnel, and I
began to be able to see those new faces as positive infusions of new creativity, insights,
stances towards learning, perspectives on the various community groups whom we were
geared to serving, and so on. I became more comfortable and competent at making use
of actionable leads, a skill set that proved most useful throughout the A TCE enterprise.
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This recognition that overlapping of life cycles of agencies and individuals in
the ongoing trajectory of a long-lived educational enterprise has transferred well into
the specific project under consideration. I served the museum well in the ACTE project,
I believe, in my steady stream of suggestions of individuals with various areas of
expertise who might be invited in to the conversation for a bit of time. In most of these
instances, that time frame was far more brief than the two-year duration of the project
planning per se. For instance, Professor Beverly Pema of the University of
Massachusetts Lowell consulted for an afternoon about programming opportunities and
challenges in using a water exhibit as a vehicle for school group guided inquiry
sessions, since she has been responsible for such organization in her work with the
Tsongas Center of Lowell. Charles Lotspeich, who is the Director of the Holyoke
Heritage State Park and an expert on topics of Holyoke history and on the physics and
mechanics of the water power systems which brought the city into being and made it,
for nearly a century, the paper capital of the world, spent a number of afternoons
sharing a wealth of ideas about ways to make such information integral to the final
exhibit, and to related programming. His knowledge and collegiality made it imperative
that we invite him to join the team as a full member across the entire duration of the
enterprise, an offer which, fortunately for our ongoing work, he graciously accepted.
At less global but no less pivotal areas of relevance to planning capacity,
especially in terms of being proactive in thinking about construction and future
maintenance issues, Project Director Silver at my suggestion brought Doug North, a
master plumber, on board as a per diem consult, to ensure that the mechanical systems
required by the design both worked as intended and could be deployed and maintained
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in appropriately scaled and accessible configurations. She likewise enlisted the services
of Bob Burnette, a master craftsman representing Fin-Mar, a local plastics supply and
fabrication firm with a fine national reputation in high-tech mechanical systems
configuring and building; Bob had been extremely helpful and supremely
knowledgeable in working with me on a number of CMH projects in years past. She
also accepted my suggestions as to a number of other local and regional companies and
contractors who were invited to participate in the ongoing discussions on an as-needed
basis, including Diamond Water Systems, pump specialists; Chuck Florio, steel
fabricator; and Matt Saia, electrician.
At perhaps the most important level of the project, in terms of robustness and
creativity encoded in the final product, Silver hired Melanie Perlman, a friend and
colleague of mine from many years of Inter Activity encounters, as the initial planner
and developer. Subsequently, the Project Director later brought Neal Mayer, principal
of Wondercabinet®, a nationally recognized exhibit design and layout company, on
board to do the final visualizations, layouts, and renderings, synthesizing and
transforming all the previously considered work into a set of working documents which
form the essence of the final creation. Again, action research has supported these
ongoing planning, discussion, and reevaluation meetings most aptly, permitting
structured revisiting of ideation at each level of the program. A full review of the
results, including a critique of shortcomings which all the best of our efforts still did not
fully solve, will be provided in Chapters 4 and 5.
At a very different level of practice, I also served as the primary investigator of
existing examples of appropriately exemplary models of water-centered exhibits by
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visiting, analyzing, and doing digital photodocumentation of such constructions from
Boston to Chattanooga and from Pittsburgh to Indianapolis. Thick description of each
of these comprises the bulk of this dissertation, since that comprehensive investigation
likewise provided the core data bank and interpretive conversation starters for the
planning group. I shared the information that I generated with the planning group at
large through a series of CD-ROMs of all images (over 1300 digital photographs in all)
and through a series of e-mails of the descriptive and interpretive passages. This helped
to ensure that each member of the planning team had the opportunity to have ready
access to the same information about current best practices or promising practices
concerning the domains of museum work that paralleled our efforts and intentions. The
specific writings geared to teasing out successes and challenges presented by each of
those designed solutions was augmented by texts synthesizing several extensive
interviews which I did with respected professionals in the field who have been
responsible for significant portions of significant water exhibitions. In particular, the
insights provided by John Spalvin of TCM, Inc., the fabrication branch of the
Children’s Museum of Boston, and Brian Cicco of the Children’s Museum of
Pittsburgh, proved highly apt and insightful.
A capstone of this portion of my action research was my attendance at one of the
introductory sessions at the 2005 ACM InterActivity in Indianapolis, capriciously
entitled Soaking Your Visitors, which served for me as the anchoring triangulation of
the validity of water-based exhibits. Finding the listing for this presentation in the
preliminary on-line program of the conference was an epiphany, the realization that the
sense that I, and all the members of the CMH planning team, had about the remarkably
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rich potential inherent within this topic of exhibitry is now shared at a field-wide level.
The supremely imaginative, pedagogically rich, and haptically immersive aspects of the
limited number of venues which I had the opportunity to identify and research is at a
tipping point (Gladwell, 2000); to find the topic that of a conference session is an index
of its growing acceptance as a core construct for the profession, and a virtual guarantee
that many more spaces such as the one we are completing will be created in the coming
decade. The session was described in the final Inter Activity program (personal
conference notes, 28 April 2005) as follows:
Topical coding: ee (Exhibits/Environment), FUN (Fundamental)
Soaking Your Visitors
Grand Ballroom 2
Water exhibits come with agony and joy—and have unequivocally pleased
visitors of all ages. Does your museum need a water exhibit? Is your current
water exhibit meeting its potential? Learn how three institutions—Bay Area
Discovery Museum, Children’s Discovery Museum of San Jose and Monterey
Bay Aquarium—developed successful water exhibits. Each will present their
own learning curves through the management of costs, design and maintenance
issues.
Speakers:
Tom Lindsay, Children’s Discovery Museum of San Jose
Janet Petitpas, Bay Area Discovery Museum
Jenny Sayre Ramberg, Monterey Bay Aquarium
Mary Jo Sutton, Bay Area Discovery Museum
Robert Sternberg has said, “Your increased knowledge makes it less likely that
you’re reinventing the wheel” (Personal notes, Playing for Keeps conference, Yale
University, March 16, 2003). This presentation provided a fine summative
encapsulation of the current knowledge and understanding about this multivalent topic
as encoded by a number of reflective practitioners. Consequently, it converged neatly
with the understandings I, and the other members of the CMH planning team, had at
that point in time, and served to help us make final synthesis and consolidation of our
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explicit and implicit individual and collective thoughts about the project prior to moving
it into its finalization phase. In so doing, it certainly ensured that we weren’t engaged in
any mere reinvention of a wheel, but were revisiting that metaphoric topic at a more
complex and fully codified level, with the intended outcome the crafting of a “ .. . pilot
pedagogical laboratory” (Bransford, Brown, & Cocking, 2000, p. 264), a rich arena for
learning. Again, having multiple triangulations of verification of both form and content
of our trajectory, first from all the venues I visited and subsequently from the ACM
session, provided a much needed recursively reiterative sequence of primary-source
validations. It appears, from that evidence stream, that elaborated water tables as
children’s museum exhibits seem to have followed a trajectory of utility that started
with novelty, moved to familiarity, and are now at a point approaching necessity;
certainly, that is a didactic direction which I find most salutary.
Part of the attraction of water tables is their combining of the temporal with the
spatial; as a subtext, I would posit that part of the reason for the prevalence of such
exhibits is their tapping into the dimension of time. The constant flow of water
produces an overarching affordance that is different in kind rather than merely in degree
from either static exhibits or from mechanically or mechanistically variable ones. There
is an utterly natural attribute to this flow, which connects to the potency that fountains
possess (hence the prevalence of these across cultures and throughout historical time).
Another way of framing this is that water may be seen as incorporating or embodying
the attribute of playfulness. It possesses such an array of whimsical, surprising,
unexpected, or delightful effects, in relation to children’s actions with it or upon it,
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ranging from the simplest to the most complex, that it fairly suggests animism, in the
Piagetian sense.
If the rain from the sky is seen as being responsive to factors of human agency,
how much more so must appear the ways in which a stream is exquisitely, and
immediately, self-evidently, responsive to a child’s playing in it—it seems, in a literal
rather than a metaphorical way, to be playing back, or along with, in conjunction with,
the child’s agency.
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Correlatively, water play is multi-modal, and not just in terms of

its physical affordances (tactile, aural, visual, etc.), but also in its characteristics as a
medium. In that capacity, it suggests an entire secondary set of dimensions of
phenomenology, in what it does in relation to any and all objects which a child might
investigate in relation to it. These effects are qualitatively different in their operational
outcomes than they are when these objects are not being brought into contact with
water. Any object, then, can potentially influence-whether incrementally or in
gestaltian fashion—the child’s developing understanding, or theory, of how the medium
might globally impact object-based play.
I would add that water tables connect intuitively or subliminally across the
categories of air and water, by making explicit, visible, the roilings, streams, and trails
which only can be felt—but not seen—in air. Consequently, there is a multimodal
connectivity suggested, in which the constructs inhering to wave theory become evident
(pattems-in-motion, ripplings) by virtue of being rendered lucid rather than merely
suggestible in the movement of air. This brings to mind the classic interpolation teased
out by Piaget in which children misconstrue the source of the wind as the motion of the
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trees. By extension, then, even this reification of physical science doesn’t guarantee a
miscue-free comprehension of causality, conservation, or other forms of connectivity.
Water tables also support potentially complex investigation into spatial
relationships, including containment, support, and attachment or connectivity (or, in my
term, interpenetrability). In like measure, they provide substrates for experimentation
across the categorical meta-sets, specified by Gopnick and Meltzoff (1996), of
appearances, action, and kinds, a close parallel to the categories of perception, action,
and cognition unpacked in Chapter 1. These exhibits thus support the targeted
comprehension through play of both objects and actions, making evident salient
attributes of both static and dynamic systemic operations; dimensions of categorization
can be clarified in comparison or contrast to those of mean-ends understanding. More
broadly, then, such educative environments afford opportunities or suggest standpoints
from which children may generate predictions, formulate explanations, and render
interpretations about object-action opportunities. In this literally as well as
metaphorically fluid and transparent realm, intuitively compelling qualities, capacities
and potentialities are provocatively proffered in richly discovery-evocative contexts.
As an exhibits professional, I hold to the theory that the objects and their systemic,
active, interaccommodative behaviors may suggest opportunities, outcomes, and
affordances to the creative child which were never even considered or conceptualized
by the designers of the configurations.
In like fashion, we may consider the water table as an exemplar of a prepared
environment, in the sense in which Montessori used the phrase. In spite of our
recognition of the very real possibility of naive interpretations of our efforts and effects.
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we as designers still had to be thoughtful about what it is that ATCE is prepared for; that
is, what do we anticipate children will learn from this preparation, and how, and why
that specific learning, as opposed to another? We noted that we should, for instance, be
able to point to children in the exhibit displaying categorizing actions (objects that float
separated from those which sink, wooden rafts from plastic canoes, yellow toy ducks
from green toy fish). This appears to be both a perceptual and a conceptual need; even
very young children behave as if compelled to render such salient taxonomic
distinctions (see esp. Gopnik, Meltzoff, & Kuhl, 1999).
Our ordinary categorizations of common objects are best understood in terms of
our underlying theories of the objects involved. Adults typically give common
names to objects that they think have an underlying common causal nature,
rather than those that share superficial perceptual features. In practice, these
decisions are based on adults’ commonsense theories of the objects.
If we look at young children’s classificatory language and behavior, we see a
similar pattern. Even extremely young children appear to organize their
categorization in terms of “natural kinds,” underlying essences with causal
efficacy. Moreover, their decisions about which objects belong to these natural
kinds appear to be rooted in naive theories of physics and biology. (Gopnik &
Meltzoff, 1997, p. 30; citations deleted)
Golinkoff and Hirsh-Pasek point out that, “Learning works best in meaningful
contexts.”

20

This realization grounds our intention to have this water table encode

multiple layers of context, from the basic facticity of waterplay to the nuanced, semiotic
connection to the canals and the Connecticut River, so that the range of references can
be made available generally for visitors to engage with at their own level of
comprehension, which then may be scaffolded to a higher level by the exhibit.
Water has inspired great poetry and literature. Our language is full of allusions
to springs, depths, currents, rivers, seas, rain, mist, dew, and snowfall. To a
great extent our language is about water and people in relation to water. We
think of time flowing like a river. We cry oceans of tears. We ponder the
wellsprings of thought. .. . Our relation to water is fundamentally somatic,
which is to say it is experienced bodily. The brain literally floats on a cushion
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of water. The body consists mostly of water. We play in water, fish in it, bathe
in it, and drink it. Some of us were baptized in it. We like the feel of salt spray
in our faces and the smell of rain that ends a dry summer heat wave. The sound
of mountain water heals what hurts. We are mostly water and have an affinity
for it that transcends our ability to describe it in mere words. (Orr, 1994, p. 54)
Water should be part of every school curriculum.. . . Water as part of our
mythology, history, politics, culture, and society should be woven throughout
curriculum, K through PhD. . .. Water should be the keystone in a new science
of ecological design. ... Education in ecological design would have to be
transdisciplinary, aiming to integrate a broad range of disciplines and design
principles of resilience, flexibility, appropriate scale, and durability. .. . Water
and water purification should be built into the architecture and the landscape of
educational institutions. The very institutions that purport to induct the young
into responsible adulthood often behave like vandals. This need not be.
Institutional waste streams offer a good place to begin to teach applied (as
opposed to theoretical) responsibility. Solar aquatic waste systems and similar
approaches offer a way to teach the techniques of waste water purification,
biology, and closed loop design. There are many reasons to regard resource and
waste flows as a useful part of the curriculum, not merely a nuisance.
Finally, I propose that restoration be made a part of the educational agenda.
Every public school [e.g., in the present case, the Holyoke Public School
System, primary partner of CMH in this Connecticut River-focused educational
experiment], college, and university is within easy reach of streams, rivers, and
lakes that are in need of restoration. The act of restoration is an opportunity to
move education beyond the classroom and laboratory to the outdoors, from
theory to application and from indifference to healing. My proposal is for
institutions to adopt streams or entire watersheds and make their full health an
educational objective [of core importance].. . . What is the meaning of water?
One might as well ask, “What does it mean to be human?” The answer may be
found in our relation to water, the mother of life. When the waters again run
clear and their life is restored we might see ourselves reflected whole. (Orr,
1994, pp. 58-59; citations deleted)
As cited above (Ch. 2., Learning Research section, from Gopnik): “We show
them the evidence and they draw the right conclusions'’ That is, rather than feeling that

we have to specify each outcome, pre-package every appropriate learning trajectory, we
as developers began to feel more deeply the reality that we could, more globally and
less prescriptively, provide children a complexedly enriched, prepared, scaffolding
environment, and then get out of their way (insofar as possible), relax likewise, and let
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the exhibit provide core learning opportunities. This stance supports a dictum framed in
Multiple intelligences: The theory in practice (Gardner, 1993, p. 250).
I hope that educators and designers will rise to the challenge of creating
environments in which intelligences can be [supported and] assessed in as
naturalistic and intelligence-fair a way as possible. The more that we can accrue
firm information in such realistic settings, the less need there will be for the
construction of standardized and decontextualized instruments that sample so
meager a proportion of human talents.
(W)e must help students relate the material they need to know to what they
already know. Doing so will capitalize on a natural process with which they are
already equipped. That is the ability to learn from experience. ... In effect, we
need to give students real experiences, engaging all their systems and their
innate curiosity and involving them in appropriate physical movement, social
interactions, practical projects, uses of language, and creative enterprises [each
of these categories became a working goal for the overall A TCE exhibit and its
rich network of connectivity to the Connecticut in the Classroom]. (Caine &
Caine, 1991, p. 47).
Explication of the overall project: original water exhibit
“ . . . a place . . . which nourishes those parts of ourselves which rely on water as one of
the great elements of the unconscious” (Alexander et al., p. xlii).

The concept for a new water-focused exhibit has been discussed, in passing but
in depth, at CMH since 1997. The museum installed the first of its water areas in 1996,
as a part of a major grant initiative funded by a $500,000 grant from the Department of
Housing and Urban Development (HUD). I was the only member of the ATCE
enterprise familiar with that entire process, called Body Playground, and thus felt it
incumbent upon me to share the history, since it had such profound implication for our
work (and, by extension, for the work of any subsequent groups creating comparable
exhibits; extraordinary procedural generalizability inheres to this narrative).
Consequently, at our second meeting, I spent over an hour with the planning
team going over the history of the Body of Water exhibit portion of the overall HUD
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initiative, with the goal of making clear to them that an extensive list of problems can
accompany even the most intricately conceived and elegantly rendered exhibit. Most of
that conversation took place in the actual exhibit space, so that I could physically
reference many of the relevant issue (although many others could only be mentioned,
since I had made so many changes over the years in repairs and upgrades that many
iterations existed only in my memory, or occasionally in photographic records). The
point that I worked most assiduously to convey, at this meeting and across many of the
meetings to follow, was that the physicality of the creation is of enormous import, in
many ways utterly trumping the conceptual, theoretical, or pedagogical intentions of its
designers. Issues like water purity and temperature, legibility of layout, adequate space
for children to move about easily, open sight lines for caregiver oversight, safety of
floor surfaces, ease of maintenance, and incorporation of non-toxic materials are
paramount to me; I have found that if they are not properly addressed, children will not
be drawn to use the exhibit or, worse, will leave it quickly because it is too cold, or too
hot, or uncomfortably high or low, or has dangerously slippery surrounding walking
surfaces, or makes their parents nervous, or simply seems opaque as to appropriate use.
I experienced angst and ambivalence about this structure from the day it arrived,
delivered on the truck of a large Connecticut industrial supply and fabrication firm.
This was a literal moment of epiphany for me, a sudden and wrenching realization that
it is possible, even with all the best of intentions on the part of all the best players, to
produce painfully flawed results. The system had been delivered in segments, the
stream table proper, the holding tanks and mechanicals, and the support structures.
When the delivery team set the table carefully in place atop its supports, it was just

207

perfect for me. That, however, was very problematic: I’m 6’ 3” tall, which meant that
for children, it was ridiculously high, absolutely inaccessible for virtually all
elementary-school-age children, much less toddlers or preschoolers.
How this got approved all down the line, from working drawings through
production, is still a mystery to me. The architect of record for the system has three
children, who were at the time all in elementary school; one would think that he might
have had them stop by the shop while the table was being built to get their informal
stamp of approval, but that didn’t happen. Alternately, he might have double-checked
against the array of readily-available dimensional reference documents that provide
suggested ranges of appropriate accessibility factors; that obviously didn’t happen
either. If nothing else, one would hope that someone, of all the dozens of people who
worked on the fabrication of that component, would have looked at it critically for a
moment and said something like, “I thought this thing was for little kids. Why is it so
high?” That also didn’t happen; what did happen was that, with the finished product in

place on the museum floor, the project manager and I looked at each other in
amazement and then had the crew take it all apart and return it to their shop, where all
the support units had to be cut down by approximately 20” at a cost of several thousand
dollars (borne by the architects), and then re-delivered and re-installed at an additional
cost, also borne by the architects. Needless to say, that set a negative tone for the
remainder of the project; while it caused no significant delays, it certainly made the
ongoing necessary interactions between their office and the museum strained and
decidedly uncomfortable. It was as if we were responsible for children being so small,
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rather than they who had simply forgotten to factor that crucial dimension into their
formulations.
A critical secondary result of this error was that the two holding tanks for water
being circulated through the self-contained system had to be cut down as well, since
they were located beneath a platform connecting the two loops of the figure-eightshaped channels. This, of course, dramatically reduced their holding capacity, roughly
by half. Consequently, the system never ran with the intended volume; that fact,
coupled with a poorly designed system of baffles or catchbasins along the channels,
resulted in an inadequate water flow. Essentially, a half-inch of flowing water was the
norm for most of the system for most of the time, adequate for floating ping-pong balls
or very small lightweight boats, but insufficient, for instance, to do any substantive float
and sink activities except at the single available pool.
In addition, as I understand now, there had been insufficient front-end
evaluation done—effectively none, in my estimation—as to what children knew about
water or might be most interested in learning, which led to a number of conceptual
flaws which have never been adequately resolved.

For instance, the availability of

dam-making activities was limited at the outset, and soon deleted entirely because of the
approach taken by the architects. We (several museum professional staff) suggested a
set of small beanbags which could be readily configured into loosely functional dams;
that was insufficiently elegant or exact for the architects. They chose to incorporate
sculptural forms crafted from the same polyethylene sheet as the table was fabricated
from, then concrete-filled to keep them in place where a child set them. However, a
bowl-sized concrete-filled form is quite heavy, especially for small children;
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consequently, many times the dam forms would be dropped into the channel rather than
set down carefully. Within weeks, many of the nitrogen-welded seams of the channels
were compromised by all this unanticipated force and began leaking. Of course we had
to remove that array of dams, and substitute sundry alternatives devised in-house over
the intervening years. In turn, we had to arrange for the extended lease of a nitrogen
welding setup so that I could keep repairing the seams as they continued to rupture,
even sans weighted dams. That debacle finally did get fully repaired after a month or so
of labor-intensive remediation.
I might add that the architect responsible for the design of the table had actually
asked me what I thought would be an appropriate material for its construction. I
suggested either stainless steel (effectively invincible if properly supported) or
fiberglass (more susceptible to being damaged, but readily and cheaply repaired in
place). However, the Yale-trained architectural team opted to go with a much higher
tech solution; my cynical assumption is that it plays better in Architectural Record. It
did look great when the system was finally reworked and reinstalled, gleaming white,
hospital fresh. Unfortunately, that look lasted less than a month, by which time the
chlorine added to the water to maintain appropriate levels of cleanliness had begun to
discolor it, an incremental and irreversible process that finally, several years out,
required me to coat the entire structure inside and out with nautical epoxy paint. Even
this was less than optimal as a solution, but it was the best I could come up with. I
spoke with a representative of the manufacturer of the polymer material used in the
fabrication, who brought me up to speed on several attributes of the product which
made it ideal from their point of view—and a nightmare from mine. It had been
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developed with the express purpose of being resistant to damage from typical industrial
solvents and processes (although, clearly, not to be resistant to discoloration by
chlorine). Consequently, glues of any type don’t stick to it (hence the eventual solution
requiring nitrogen welding requirement). By extension, neither do paints. Thus, even
though the epoxy paint worked reasonably well as a cladding, there was no real bond to
the substrate, so the painting has had to be redone every year for the rest of the time the
system was in place. Had the architects been client-responsive rather than ego-driven, a
less “signature” but more proven material would have been selected, and that entire
array of multiple problems would never have emerged.
Another small but significant design flaw, again the result of privileging a
design lens over a child-developmental one, was the pair of covers for the tanks that the
architects specified. These were hexagonal laminate-clad forms at table height, which
also served to support the pair of large clear acrylic cylinders from which water flowed
to the two loops of the watercourses. The configuration proved exceedingly hazardous
for small children, who quite naturally were fascinated by the big bubbling streams of
water gushing from notches in the cylinders, and generally found it imperative to climb
up onto the horizontal surrounds of the arrangement to have a closer look. Once again,
this was axiomatic of adult magical thinking: “I only want them to look at these, I don’t
want them to climb on them; therefore, that’s just what they’ll do.” Of course, that is
exactly not what they will do. Thus, the combination was a bad accident or a lawsuit
waiting to happen: small children, water, no provision of steps to a tall, slippery, sharpedged and comer-redolent narrow space with no handholds whatsoever. Reconfiguring
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that was the first of many retrofits that I performed on the original water table during
the six years I was responsible for its assessment and maintenance.
Other such retrofits include building housings to encase the two pumps
powering the water circulation system (while I like providing children actual or at least
visual access to the way systems work, the combination of water and exposed electrical
connections was far too dangerous to leave open; too, the area tended to become a
catch-all for small parts and other miscellaneous detritus). Also, I redid the entire
approach to the water source cylinders, incorporating a shaped sequence of low steps
thus making it easily accessible (although unfortunately not ramped as I would have
preferred, due to space constraints). My operating assumption in that situation was
simple: since children clearly are going to get to that area in any case, why not make the
experience pleasant and engaging for them rather than a hazard? The results were
gratifying—even toddlers could finally access the water sources, which is the detail that
most entrances them; in consequence, the more distant channels were more readily
available for use by older children, who tend to be more engaged by their affordances.
This comprehensive—and highly challenging—reality became evident to me
only across the first several years of the life of the Body of Water project, that is, during
planning (front-end evaluation), construction and installation (formative evaluation),
and finally once the exhibit was up and running (e.g., across summative evaluation and
remediation phases .

Based on these praxis-derived understandings, therefore, if there

was one thing I emphasized to Project Director Silver and all the members of her
planning team, it was that ultimate project control should never be relinquished to
external individuals or entities, and that every detail needs oversight and final signoff by
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museum professional staff rather than being delegated to outside “experts.” Silver had
had several years experience in her CMH position by the time we started working
together, so had deep familiarity in her own right with yet another, more recent set of
problems with the Body of Water.; consequently, she aligned herself readily and fully
with these caveats and cautionary tales.
I recognize that the teasing out of these antecedent particulars has been
extensive; however, I believe the conveying of these details to be essential in view of
the necessity to consistently make my approach and intentions transparent. The
understandings I have about the structural aspects inherent to a particular formal
solution, and the myriad ways in which those factors then impinge upon the operation
of that solution in an exhibit context, have come to dominate my view of the entire
exhibits field. My informed perspective of what is necessary and sufficient for
exemplary children’s museum design has been the primary standpoint from which I
have worked for a number of years now. Many of these global understandings emerged
through having to alter, fix, improve, or otherwise contend with the sorts of dilemmas
that were integral to the Body of Water. I trust that at least in part as a result of my
rather jaundiced input as to possible pitfalls as well as potentials, the final ATCE results
have been closely tailored to the needs, goals, intentionalities, and vision of the
institution and its users rather than to contingencies either devolved from grant criteria
or falling into place, top-down, from any well-intentioned but incompletely-informed
outside designers.
Again, by “outside” I am not suggesting a xenophobic stance—both the initial
exhibit planner and interpreter whom I recommended to the team and who ran the first
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phase of the formal process, and the final designer/mechanical engineer who worked up
the final plans based on team input are from the Boston area rather than local or
immediately regional. Had more discretionary funds been available, I would also have
enlisted additional expert consultancy from colleagues in San Jose, Austin, and
Minneapolis as well. What I am attempting to encode in that term is the notion of
outsiders to the field, people whose professional expertise does not allow them to deeply
comprehend what is intended by inquiry-based learning, child-centered environments,
or discovery-rich affordances.
If such professionals being considered for consultancy roles are willing to make
genuinely transformative efforts to learn enough about the field to become at least
reasonably well versed in operating within it, all well and good; otherwise, to my mind
it makes far more sense to look elsewhere or do all work in-house rather than to set the
institution up for unfortunate outcomes such as I have been documenting above. I
would like to conclude this segment with an excerpt from Falk and Dierking, which
provides global validation of the situationally-resonant stance I have been articulating:
Learning is not only facilitated by design and appropriate contexts, learning
requires thoughtful design and appropriate contexts. When designed carefully
and thoughtfully, places like museums ... are the quintessential “appropriate”
physical settings for learning and thus have unprecedented opportunities to
facilitate long-term, meaningful learning. Immersing learners within a context
that enables them literally to see how things are connected, to understand
visually, aurally, and even through smell and touch what something looks and
feels like, is a tremendous learning tool. To enable a child to actually see what
people looked like and how they lived and even to hear how they might have
talked in the past is to open up a window to history that no amount of text in a
book can ever duplicate. For an individual not only to see how a wing is shaped
but also to be able to put on wings and stand in a wind tunnel and feel lift is an
unparalleled learning opportunity. Museums have the ability to present reality
simply, dramatically, and, more than anything, authentically.
Not only does physical setting create a context in which learning can occur,
but it also has the potential to create a desire to learn. In the right setting, real or
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imagined, the learner is surrounded by sights, sounds, and textures that foster
curiosity and encourage exploration. So motivated, learning proceeds
effortlessly and intrinsically; there is no need to force, prompt, or bribe.
Regardless of the medium, the best free-choice learning occurs in such
physically rich and appropriate settings.
The essence of the museum experience is the ability for an individual to
experience real things, and under the best of circumstances, within real,
meaningfully designed physical contexts. (Falk & Dierking, 2000, p. 196)
Naive interpretations

I would like now to move to consideration of a very different order of miscueanalysis, one equally compelling but far more engaging and considerably less negative
in the types of challenges it presents. I refer to the issue of naive conceptions which
children may well bring to the overall topic of water and to many of its relevant subsets,
such as weather, bodies of water in nature, and the relationships people hold both to and
within these domains. I circulated the draft of this section early on to my colleagues, in
part because the particulars are so interesting and often charming, more so because I
wanted to emphasize the extent to which children’s interpretations of our topical
domain could be so distantly removed from our own. Dykstra (2005, p. 230) discusses
briefly various terminology used to describe children’s naive conceptioning, as part of
his broader effort to address the persistence and robustness of such thinking.
In much of the science education literature, the term conception with various
modifiers is used: alternative conceptions, everyday conceptions, person-on-thestreet conceptions, preconceptions, naive conceptions, misconceptions. In the
literature there is some debate over what term to use, but this discussion rarely
gets to the level of the nature of conceptions. .. . Unfortunately, much of the
literature seems to refer to conceptions as the sorts of predictions the students
make . . . Instruction focusing on this level fails to address underlying notions or
beliefs about the world. Left unaddressed, these notions can be expected to be
used again by the students. It is this level of notion or belief that ought to be the
object of discussion during instruction and that is best called “conception.”
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As in so many of our efforts to utilize theory to support practice, Piaget’s
writings served us well in clarifying these sorts of alternative conceptions that might
«

influence children’s understandings or interpretations of the ATCE core topics as we, as
ostensibly reasonably well-informed, domain-literate adults, viewed them.
He only endows things with consciousness when it is strictly necessary in order
that they may fulfil [sic] their respective functions. Thus a child of 7 will refuse
to admit that the sun can see one in a room or that it knows one’s name but will
maintain that it can go with us when we are walking because it has to
accompany us “to make us warm,” etc. The water in a river cannot see its
banks, it knows nothing of pleasure or pain; but it knows that it is moving and it
knows when it needs to get up speed in order to overcome some obstacle. For
the river moves “so as to give us water,” etc.
The following conversation is significant in this respect:—
VERN (6) a child we have never questioned on animism and whom we now
saw for the first time. We asked him why a boat floats on water whilst a little
stone, which is lighter, sinks immediately. Vem reflected and then said: “the
boat is more intelligent than the stone.—What does ‘to be intelligent’ mean?—It
doesn't do things it ought not to do. ”—(Note the confusion between the moral
and the physical). (Piaget, 1929/1951, pp. 222-223)
Revisiting Piaget’s writings made vivid to us that our assumption sets as to how
children will perceive the elements of the exhibit and thus how they will, first, envision
its possibilities and, second, make use of those possibilities may be inaccurate at best,
dramatically flawed at worst. We have endeavored throughout to be alert to
possibilities of doing things, producing artifacts or artifactual interconnections that,
quite inadvertently, generate misconceptions rather than insights, sow confusion instead
of bootstrapping clarity. This, for instance, is the reason we specifically worked to
eliminate “black boxes,” that is, encapsulate subsystems which are either literally or
metaphorically impenetrable, intuitively inaccessible and observationally opaque. Now,
reviewing the many dozens of pages in The child’s conception of the world (Piaget,
1929/1951) devoted to interviews about and interpretations of children’s conceptually
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intricate, stunningly inventive, yet highly naive conceptionings about the origin of
clouds, rain, and other meteorological events topically pertinent to A TCE was most
relevant. It dramatically heightened our awareness of the way the—what some of us
had perhaps tacitly assumed to be—intuitively self-evident and transparent
characteristics of our topical area could be open to remarkably divergent considerations.
This is a fortuitous path of investigation for the study at hand, in that a pivotal aspect of
the Connecticut in the Classroom project has been the water cycle, and as will be
reported in Chapter 3, that complicated exchange is something our outside developers in
particular worked hard to make evident. However, a series of Piaget’s conclusions
point up the daunting difficulty of that task in actuality.
To the child mind, the sky and the night are essentially made of clouds. We
must, therefore, next consider whence the clouds come. This provides a most
choice field for the study of artificialism [in Piaget’s terminology, the child’s
attribution of purpose to the supposed human maker of the thing under
discussion, in this instance the clouds], for here the child may reveal complete
spontaneity. (Piaget, 1929/1951, p. 298)
Three stages may be distinguished in the evolution of explanations
concerning the origin of the clouds. During the first stage (average age 5-6 . . .),
the cloud which is usually regarded as solid (of stone, earth, etc.) is conceived as
made entirely by men or by God. During the second stage (average age 6-9 . . .)
the child explains the clouds by the smoke from the roofs and maintains that if
there were no houses there would be no clouds. The artificialism is thus more
indirect than in the first stage but is still very systematic. Finally, during the
third stage (from 9-10 on the average), the clouds are of entirely natural origin:
the cloud is condensed air or moisture, or steam or heat, etc. (Ibid, pp. 298-299)
It is interesting from the pedagogical point of view to note that this
moderated artificialism of the second stage is so persistent that even the best
lessons that can be given on clouds risk being distorted by the pupil and
assimilated to (his or her own) schema. In fact we have met quite a large
number of school children who knew that clouds are “en vapeur” and that this
“vapeur” is produced by heating or boiling water (an illustration in one of the
reading books on steam) but they conclude from this that all clouds have been
produced from saucepans. These children have evidently retained their
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spontaneous explanation but have substituted for the idea of “smoke” that of
“steam.” (Ibid, p. 302)
The problem of the conceptions concerning rain is one of the most interesting
connected with the child’s artificialism, for since during the first stages the
clouds are regarded as made of stones or smoke there is no reason for supposing
the rain to come from the clouds, rather than from the sky itself. But experience
has shown the connection between clouds and rain: when it rains there are
always clouds. The child knows this perfectly well. What sort of connection
then does he imagine to exist between them? Is the cloud the sign of rain or the
cause of it, or is there a confusion between sign and cause as is found among
primitives? As a matter of fact all three solutions are found more or less mixed
and without any definite relation to age. (Ibid, p. 311)
It is, as always, open to question exactly how far the children believe what they
are saying and at what point they start romancing. But the important thing is to
realise [sk] that they have nothing with which to replace this artificialism.
Whether they make up the details or not they can only explain things by having
recourse to human activity and not to the things themselves. (Ibid, p. 313)
For these children therefore the clouds move about intentionally to wherever
rain is necessary and transform themselves into water. The process of the
formation of rain is thus in one sense natural but the clouds are still regarded as
produced by the smoke from the houses and above all they obey us either
directly ... or indirectly. What happens then when these children are taught that
the rain results from the evaporation of the sea? Their spontaneous idea, which
is also artificialist, simply becomes fused with the teaching they have received
and they then conclude that the smoke from the houses “goes and fetches” water
from the sea. . . . This shows how even the best lessons can be distorted by an
artificialist mind. (Ibid, pp. 314-315; emphasis added)
.. . nine-tenths of the children of the first stage think of the water in lakes and
rivers as being conscious and alive, although they regard it as being artificially
made without generally defining how it was made. As to the later stages, eighttenths of the children of the second stage and a third of those of the third stage
still think of water as alive and conscious . . . The sea is “a big hole and people
have put water in it. ”—Where did this water come from?—“From pipes and
taps” (7 to 8 years), etc. (Ibid, pp. 331-332)
In other words, there is a consistent pattern of reversal of cause and effect in
children’s thinking about the topic across a broad spectrum of ages. Perhaps most
daunting, albeit amusing, in terms of Piaget’s findings concerning children’s naive
conceptions about water cycles and related subtopics is, “It might seem like a poor joke
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to suggest that children think of micturition as the probable origin of rivers. But
experience has shown us with certainty that the image crosses children’s minds even
whilst they are being questioned” (ibid, p. 327). This array of discoveries about the
misconception-laden thinking of young children in terms of the water cycle is perfectly
connected to their mythos-driven naive theories as to origins of rivers and lakes, Piaget
found. There seems an almost universal attribution to the hand of humans in the
topography of such naturally-occurring phenomena.
Twidle (2006, p. 94) constructed Piagetian-influenced conservation experiments
to further investigate questions concerning developmental change in children’s insights.
A hierarchy of development exists within the concepts of displacement, solid
and liquid volume conservation. The most common misconception among
children who have not yet mastered the concept of displacement by solids (and
to a lesser extent liquids) is for them to attribute the volume displaced to the
material’s weight. A significant portion of children entering [British] secondary
schools had not mastered some of the concepts we might have expected. Even
when liquid and solid volume conservation were assessed in a comparable
manner, children still found liquid volume conservation easier to master.
Children were not consistent in the logic they employed to explain seemingly
parallel situations.
He augments this point in terms of specific thinking sequences that seem to be
responsible for this sort of global naive conceptioning.
The most common (mis-)conception would appear to be that, somehow, a solid
is able to slide beneath the surface of a liquid without displacing an equal
volume of liquid. Earlier in this study, it was noted that the children’s recent
learning in science had not focused explicitly upon volume conservation and
displacement and that prior experiences may have come from everyday life and
incidental learning in other lessons. A possibility ... is that some of these prior
experiences may have inadvertently contributed to the children’s
misconceptions. While children may not have been exposed to the concept of
displacement of water by solids, it is possible that they may have dissolved
substances such as sugar or salt in water, with no apparent increase in volume,
resulting in a belief that solids in general are able to ‘lose volume’ when
entering water. (Ibid, p. 102)
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I believe that we as reflective practitioners need to think hard about such theoryelaboration on the part of children. Knowing of even a few such instances of
explanatory mechanisms is extraordinarily instructive, for it opens the doors of
perception to the possibility that there exist innumerable comparable instances,
composite constructs amalgamated of hearsay, pre-operational or concrete-operational
thinking, misconstrued or badly presented information, lack of experience, and glorious
childhood imagination and creativity. I think that we as developers can never be too
careful in examining our preconceptions about what it is that children are thinking—or,
more precisely, what we assume they must be thinking, given the particular situational
constraints. At the same time, such concerns must not be allowed to immobilize the
positive trajectory of this work, or any other comparable efforts here or elsewhere.
Instead, we will “move forward in a wavy motion” (to paraphrase and recontextualize
Papert’s refraining of the classic centipede-motility conundrum),
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rather than to be

frozen by the complexity of a fully comprehensive schema of anticipatable outcomes or
responses, and rather than attempting to microanalyze and micromanage every possible
permutation resulting from our efforts and creations.
(A constructivist orientation) could, for instance, bring home the realization that
students perceive their environment in ways that may be very different from
those intended by the educators. .. . One can hope to induce changes in their
ways of thinking only if one has some inkling as to the domains of experience,
the concepts, and the conceptual relations the students possess at the moment,
(von Glasersfeld, 2005, p. 7)
Sarah Orleans, Executive Director, Portland Children’s Museum, shared with
me a comment her daughter had made to her when the child was little. “Mom, I really
thought you could sew us a swimming pool!” While this indicates wonderful faith in
maternal competence and care, it certainly also is emblematic of comparably exquisite
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naive conceptions as to the workings of the physical world in relation to the behavior of
water (personal communication, 11 May 2007).

Community partnerships
A spirit of collaboration is sweeping the museum community, and a growing
number of museums find themselves involved in partnerships with other cultural
and educational institutions, particularly the schools. ... in addition, museums
are forming collaborations with hospitals, businesses and business associations,
and local government. All of these efforts are indicative of institutions
becoming ever more integrated with, and integral to, their communities. (Falk
& Dierking, 2000, p. 222)
Becoming a community where play and learning connect will require
relationships beyond the walls of the museum . .. being responsive to a
community also means involving community in the museum’s decision making.
This means asking questions of the community—not just providing answers.
Involving community members early and often, keeping them up-to-date, and
allowing them to see the trajectory of the conversation are crucial to their
investment in the decision-making process. (Chicago Children’s Museum,
2005,p.13)
Currently, such sensibilities are not simply mandates from 21st Century funders;
more to the point, they inform the sort of civil society-directed trajectory which any
well-intentioned and well-informed not-for-profit organization must seek to follow if it
is to remain a viable hosting venue for discussions and actions based on the town square
model. I first learned of the national drive to privilege multi-organization community
partnerships over single-entity applications for funding support at an American
Association for the Advancement of Science (AAAS) conference in Washington, DC in
1999. In the intervening years, I have seen the presenters’ pronouncement prove ever
more prescient. It was a convincing talking point in the original Connecticut in the
Classroom grant application, and the ongoing involvement of a number of principal
partners since 2001 suggests both its utility and its efficiency, which also grounded the
ATCE application to IMLS and helped secure its successful funding. While it certainly
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involves a higher order of planning and implementation demands than those which
constrain a single-entity enterprise, the powerfully synergetic results have been very
t

well documented and now are generally taken as givens, in fields as disparate as science
(the National Science Foundation is a leader in this trend in making funding decisions),
the Humanities, and the Arts (both the National Endowment for the Arts and the
National Endowment for the Humanities likewise cleave to this trend of supporting
partnerships).
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Robert S. Martin, Director of the Institute of Museum and Library

Services (IMLS), was totally forthcoming in discussing this issue; as a keynote
presenter, he noted that, “At IMLS we believe the strategy for the 21st century is
partnership” (cited in Maher, 2003, p. 3). His continued commentary describes with
absolute accuracy the intent—and now, I believe, the outcome—of ihzATCE project.
Each year IMLS grants help to provide a wide range of services in support of
children’s learning. These grants promote developmentally appropriate, multisensory approaches that enhance early learning, provide training to teachers and
caregivers and encourage the involvement of families throughout their
children’s education. (Maher, 2003, p. 3)
Since IMLS funded A TCE, we were very cognizant of the outcome-based
evaluation rubric which the agency provided to the Project Director. These guidelines
are succinct, clear, and pertinent, so their use is a matter of good fit rather than arbitrary
constraint. Also, these parameters helped us keep our attention focused simultaneously
on the overall museum environment, through our rendering of a new benchmark zone of
total detail orientation. “In rating the museum experience, the average visitor deems the
quality of the gift shop and food service to be as important, if not more important, as the
quality of the artifacts or exhibit design” (Falk & Dierking, 1992, p. 90). The fact that
IMLS is a major funder to the field is a relevant overarching factor, as well; it behooved
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us as responsible institutional representatives to strive to impress them deeply, to
endeavor to stay in their good graces with a judiciously opportunistic view toward
continued operational and financial support. I have heard very well-placed and
articulate individuals echo this perspective, powerfully reinforcing our view. For
instance, during his presentation at the New Orleans Inter Activity, Bruce Chizen
asserted, “IMLS wants to see a return on their investment. Make sure we show them
what we did with their money” (personal conference notes, May 4, 2004). Chizen is
eminently qualified to comment cogently on fiscal and organizational issues; he serves
as Board President of the Children’s Discovery Museum of San Jose (CDM, now a
major player in the top tier of children’s museums) in addition to his primary role as
Adobe CEO; he was speaking principally in the former capacity in this instance.
Synthesis
I have had the pleasure of attending fourteen of the last fifteen annual
InterActivities, presenting at five of them; consequently, I have been able to expand
considerably my comprehension of the extraordinary vision, vitality, and viability
which children’s museums embody, and the phenomenally imaginative manifestations
which various iterations of the form can take. The global construct of action research in
such experientially-driven viewing, interpretation, and assessment is a multi-stream,
multi-modal approach: I do not go to any given Inter Activity with the stated goal of
examining only one dimension of exhibitry or related programming. The nature of the
enterprise is multivalent, affording the attuned participant the opportunity to investigate,
in a compressed time frame, such divergent presentations as simulated archeological
digs for toddlers, sound stages where families can make music by dancing on various
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floor-inset keyboards, and elaborate workshops where teenagers, under expert but
minimal supervision, can invent and build a wide array of contraptions of their own
devising. Thus, in these dozen-plus years of investigating such venues, I have been
constructing my personal schema of alternate (that is, multiply effective) ways of doing
exhibits about building, about science, art, music, dramatic play, history, culture, and
thought; about recycling, health, AIDS, teen pregnancy, global resources, raceways,
children’s literature, the future, DNA, bugs, armor—the list is effectively endless.
However, and specifically to the point in terms of this project, I have been
drawn, not surprisingly, to exhibits which parallel those which I have had a hand in
developing or at least planning: TV studios, climbing structures, dramatic play spaces
and structures such as diners and ambulances, and water exhibits. The latter was one of
the first exhibits installed at CMH after I began working there as an exhibits person in
1995; I spent hundreds of hours in relation to that small (400 sf) exhibit, watching
children use it, improvising new float and sink devices for it, devising activities to be
done at it by school groups, family groups, summer camp participants, and teachers
attending my summer institute workshops in inquiry-based science teaching methods.
As noted above, I also spent many hours repairing it, resurfacing it, retrofitting it with
better and safer stairs, access platforms, pumps, pumping equipment storage, and the
like. It became one of the half-dozen or so exhibitry domains that particularly engaged
my attention, due in large measure to the remarkable degree to which water play can
engage children and adults alike across the broadest possible age spectrum, due in part
as well to the depth of that engagement. Children, whether alone, in dyads, or in
groups, whether with family members or school companions they knew well or with
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new friends they had just met, often spent very long spans of time indeed in
experimentation with water—hours in extreme cases, certainly ten to twenty minutes as
typical frames.
This points to very “high touch” results indeed, for an exhibit of essentially “low
tech” character, at least compared to a TV station or a vehicle rehabbed for play. It
also, I came to realize over time, provided exemplary opportunity for surfacing of
constructivist play, for the type of enterprise that is the goal of every good children’s
museum exhibits professional: it not only permits, it encourages multiple approaches,
paths of entry, levels of investigation, and—perhaps most important, both to the CMH
project and to this dissertation—revisiting of those approaches and investigations.
Water play has sufficient elasticity, as it were, to remain compelling as a domain of
multimodal experimentation for visitors who come to the exhibit multiple times,
whether in the course of a single visit or, as in the cases of children whose families are
museum members and thus get to visit frequently, across numerous visits over extended
time frames. I find this a most pedagogically relevant attribute of the type of deeply
involving learning that it supports.
What this incrementally-constructed elaborating awareness implied for me in
terms of deep and persistent praxis is that I would internalize relevant data whenever it
presented itself: noticing the Great Wave motif of Hokusai incorporated into the
environment of the Providence, RI water exhibit; thinking about ways to elaborate upon
the Mondrian-like pattern of narrow clear tubing through which water is pumped at the
Magic House in St. Louis; being astonished at and delighted by the enormous outdoor
stream table environment at the Houston Children’s Museum; or admiring the superbly
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open-ended boatmaking program that is seamlessly woven into the exhibitry of
Ottawa’s (also outdoors) water system. These sorts of awarenesses effectively emerged
subliminally, simply filed away in my outside-of-cognizance mentation until the reality
of CMH’s doing its new water exhibit brought them to the forefront of conscious
awareness to be added to the array of information sharing sessions which helped move
the exhibit development process along. It merely remained to be brought into
consciousness; “We know more than we think we know” (Root-Bemstein & RootBemstein, op cit., p. 301; citation deleted).
This sort of accumulation of potentially relevant information is simply part of
the professionalism and pluralism of the field, exponentially enhanced by the
networking that ACM facilitates both formally and informally. Both through its web
site and through sessions and roundtables offered at its conferences, the organization
supports a myriad of interactions among professionals in many roles within its member
institutions as well as those consulting to the field. This sort of information-sharing, at
both structured and unstructured levels, enabled me to learn in 2004 in New Orleans, for
instance, about the long-standing project being crafted at the Children’s Discovery
Museum of San Jose (CDM) that has water as its focus and theme. It also led me to the
less dramatic but more astonishing realization that their entire process of organic
integration of programming and exhibitry closely paralleled that of the Children’s
Museum at Holyoke. Even though the two institutions are on opposite coasts, are of
considerably different scales, and have been funded for all their water-based work by
totally different organizations, the specifics have remarkable congruence. While this
synchronistic comparison encodes correlation rather than full triangulation, it
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nonetheless certainly resonates as indicating potent parallels of praxis. Both began as
efforts to use the regional watersheds (in CDM’s case, that of the Guadalupe River) as
core teaching tools for group work, particularly in youth mentoring youth capacities.
Both evolved into complex and productive partnerships with local school districts.
Finally, both resulted in the construction of new water-focused exhibits (WaterWays,24
at CDM) as mechanisms to bring the learning that had been going on in more
constrained situations out onto the museum floor where at least an appropriate sample
of the learning protocols being investigated can be shared with the visiting public at
large.
Also in New Orleans, I learned of the work being done at Pittsburgh Children’s
Museum: not only were they in the process of building a new museum that would
connect their existing structure with a revamped planetarium, they were planning a new
water exhibit with the stated intentionality of achieving world-class quality of
presentation and pedagogy. I immediately put that venue on my must-see list (also
another example of the methodological agility inherent to and supported by AR), and it
now is a centerpiece in the upcoming chapter on exemplar exhibits which I visited and
then data-shared with the CMH planning team. Pittsburgh Children’s is also exemplary
in the extent to which it engaged partners across the learning landscape to help get the
overarching institutional goals met and even exceeded (the capital campaign to
accomplish the full program brought in more than $28 million in revenues, including a
$7 million grant from the State of Pennsylvania). The Executive Director brought a full
panoply of educational and corporate luminaries from the region to the planning table,
and so captivated them with the shared vision that they not only donated, they actively
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participated, helped extend and elaborate the vision.

One such value-added concept is

the full renovation of the once-grand adjacent Opera House (previously slated for
demolition) currently underway, as the next phase in what has become a major urban
center transformation, all generated by the vision of a small group of committed
children’s museum professionals and supporters. Pittsburgh also has, to the best of my
knowledge, the most elaborated research initiative partnership currently in place with a
major educational institution: the University of Pittsburgh actually leases space in the
museum building, using this as the base of operations in a long-term commitment to
analyze the learning that goes on there.
Museum Institute for Teaching Science
I will conclude Chapter 2, Background and Context, by unpacking the utility
which the Museum Institute for Teaching Science (MITS) has had for our work, both
that which is completed and that which is yet to come. MITS is a Boston-based
organization with regional educational impact; instituted in 1983, its mission is
promoting the teaching of inquiry-based, minds-on, and participatory science,
technology, engineering, and mathematics (STEM) at the K-8 levels. This is
accomplished through facilitated collaboration among staff at informal science
education institutions. CMH has partnered with MITS for over a decade, serving as one
of their western Massachusetts teacher training centers. The pedagogical stance that
informs MITS’ perspective makes the Institute an ideal partner and model in crafting
appropriate programs.
I have included a four-page compendium of sample lessons from one of their
summer teacher training programs to serve as an index, first of the way in which the
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topic of water can be used as an expansive and appropriate topic from which to extend
teachers’ competencies; second, of the way in which highly specific connections may
be drawn between the topic and State Science and Technology Frameworks across
multiple grades; third, of the way in which these first two methodological cues can be
handled in a light-hearted (“create a ‘flinker’”) or interestingly connected (“What
adaptations do fish and hippos have that allow them to sink and float as they desire?”)
style of facilitation; and fourth, of the way all this links precisely with ongoing
programmatic extensions of the physical exhibitry we have helped craft. I find it
particularly salient that the inquiry protocols apply directly to middle school-aged
children as well as those of pre-K through elementary school ages; it is yet another
important index of the credibility and transferability of the pedagogical criteria we have
followed.
Museum Institute for Teaching Science (MITS) 1999 Summer Institute
Compendium of Lessons (2 sample sections)
Sink and Float

(Grades) 3-8

Objectives:
Students will explore objects that sink and float, investigating whether total weight,
shape, and density are factors in sinking or floating.
Engaging Experience:
Toss a variety of small fruits and vegetables into a water tank and have students observe
which float and which sink. Ask students to brainstorm why the sinkers sank—because
of shape? Size? Weight? Weigh similar sized sinkers and floaters to begin to give
students a concept of weight per unit volume (density). Students would be asked to
collect small objects from home to test whether they sink or float.
Materials:
Balance, wood pieces, rocks, gravel, Styrofoam, variety of other objects, large tubs or
pails, 2-liter plastic bottles with tops cut off, small empty bottles with lids, pennies or
other small weights, toothpicks, wooden blocks, clear plastic cups, glue.
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Facilitation Guidelines:
1. Material density
How can you define a floater?
Not every object that sits on the surface is a “true” floater. Try submerging objects to
see if they bob back to the surface.
Does the shape of an object determine whether it sinks or floats?
Allow students to compare irregular pieces of Styrofoam packing with irregular rocks.
Does the weight of an object determine whether it sinks or floats?
Many students equate “heaviness” with sinking, even though a large wood block [e.g.,
much heavier] floats while a tiny rock [e.g., much lighter] sinks. Understanding the
concept of density (weight per volume) is the crucial point to make here.
Have a wide assortment of wood pieces ranging from toothpicks to large rocks. Have
an assortment of rocks ranging from fish tank gravel to fist-sized rocks. Allow students
to weigh them and test them in water.
How do rocks and wood pieces of identical size perform?
How do rocks and wood pieces of identical weight perform?
What do you notice about rocks and wood that are the same weight?
Which is larger in size?
What does this suggest about how dense or compressed each one is?
Does the density of an object (amount of weight in a given space) determine
whether it sinks or floats?
Give students 6 identical small (12 or 16 oz.) plastic soda bottles with screw-on lids.
Leave one empty, fill one with water, another with pennies, and ask students to suggest
what to fill their other 3 with (Sand? Popcorn? Toothpicks? Fish tank gravel? Etc.)
Place each sealed bottle in a large water tank and see whether it sinks or floats.
Can you rank the bottles from best floater to worst floater?
Can you see any pattern?
Dry the bottles off and weigh each of the sealed bottles.
2. Properties of the Liquid
How does the liquid affect sinking and floating?
Have students add salt to the water and see if some sinkers now become floaters.
Try some other liquids, such as carbonated water, shampoo, or honey.
Try floating things in hot (not boiling) water, and ice water.
3. Changing Sinkers and Floaters
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Can floaters become sinkers?
Have students compare how eggs float before and after hard-boiling them.
Can sinkers become floaters?
Compare a ball of clay to a boat-shaped piece of clay (or foil).
Is the boat a real floater?
What else is helping to keep the boat up?
Does the boat float when it is filled with something besides air?
Try adding water or pennies to the inside of the boat and see what happens.
How does the shape of a foil or clay boat affect how well it will float and how
many pennies it can hold?
4. Surface Tension and Displacement
Does it matter how an object is placed on the water?
Plastic spoons, foil boats, and paper clips placed gently on the surface may stay up
because of surface tension, the “skin” of the water. Technically, these are not floating.
If pushed under the surface, they will often sink.
Do any objects float at first, then sink over time?
Some paper, cardboard and sponge-like materials may sink as they absorb more water.
How can you measure displacement?
Glue two clear plastic cups together at the bottom so that the openings are facing away
from each other. Cut the top off a two-liter bottle and fill it 3/4 full with water. Place the
cups vertically in the bottle so one is facing up and one is facing down. Steady them if
necessary so they don’t tip, and add water to the top cup until the bottom cup is
completely submerged in the water, with an air pocket trapped in it, and the base of the
top cup is right at the surface of the water.
How much water does it take?
How does this compare to the volume of air trapped in the bottom cup?
What if you add something instead of water to the top cup?
Try rocks, sand, pennies, etc., adding just enough to submerge the bottom cup.
How full is the top cup when the bottom one is submerged?
What does this tell you about the density of rocks or pennies compared to the
density of water?
Weigh the objects in the top cup, and compare this to the weight of a full cup of water.
What do you notice?
What if you used corks or wooden pegs instead of pennies?
Student Assessment:
Present students with unfamiliar objects, and ask them to predict whether the objects
will be sinkers or floaters. Give students materials like foil or clay and ask them to
create two objects, one that will stay on the surface and one that will sink. Ask students
to create a “flinker” that hovers in the water, by combining parts of a sinker with a
floater.
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Refinements / Extensions:
Biology
Technology

What adaptations do fish and hippos have that allow them
to sink and float as they desire?
How do salvage teams raise sunken ships?

Social Studies/History Why did the Titanic sink?
Reading

Sunken Treasure by Gail Gibbons
Mr. Archimedes’ Bath by Pamela Allen
Floating and Sinking by Franklyn Branley

Sports

What inventions help swimmers stay afloat?

Internet Web Pages
http:// www. nettech. org/Di strict2 0/p s 16 3 /hi story. htm
http://www.mcrel.org/resources/whelmers/whelm49.asp
http://www.newscientist.com.lastword/answers/lwa512mysteries.html
http://www.tum2001 .com/
Connections to State Science and Technology Frameworks
Grades 3-5—Inquiry Strand
• Use characteristics to group objects based on shared characteristics
• Ask questions and make predictions about the natural world that can be tested.
• Plan and conduct a simple investigation knowing what is to be compared or
sought.
• Extend observations and make measurements and observations using simple
tools.
• Recognize patterns in data and use data to create a reasonable explanation for
observed results.
• Communicate observations, results, and conclusions with oral reports, drawings,
models, graphs, and writing.
Grades 3-5—Physical Science—Properties of Matter
• Properties of matter can be used to describe objects and to classify and separate
materials.
• The properties of matter include color, particle size and shape, ability to react
with other substances, and whether it sinks or floats, dissolves, or conducts heat
or electricity.
Grades 3-5—Technology & Engineering: Design, Production, and Use
• Recognize a design need or engineering problem.
• Develop, sketch, and discuss possible solutions, and select one.
• Select appropriate materials for the proposed solution.
• Construct the object or a working model using a variety of materials, tools, and
measuring devices.
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•
•

Use the object and evaluate its performance. Suggest ways to improve it.
Communicate the process through drawing, speaking, and writing.

Grades 6-8—Inquiry Strand
• Design an investigation or problem, specifying variables to be changed,
controlled and measured.
• Use complex tools and technologies and appropriate measurement units to make
observations, collect, and organize qualitative and quantitative data.
• Present and explain data and findings using multiple representations including
tables, mathematical and physical models, demonstrations, and graphs.
• Communicate scientific procedures, results, and explanations using appropriate
science and technology terminology.
Grades 6-8—Physical Science: Motions and Changes in Motion
• Forces acting on objects can be pushes or pulls, and forces have magnitude
(strength) and direction (forces can be represented as vectors). Forces can
oppose or reinforce each other. When all of the forces on an object at rest are in
balance (add to zero), the object will not move. If the forces become
unbalanced, the object will move.
Grades 6-8—Physical Science: Properties of Objects
• Volume and mass are two different measurements for the amount of a material.
Measurement of volume and mass requires understanding of the sensitivity of
measurement tools (rulers, graduated cylinders, balances) and knowledge and
appropriate use of significant digits.
• Mass is conserved in a closed system.
Grades 6-8—Physical Science: Properties of Matter
• A substance has characteristic properties such as density, boiling point, and
solubility, all of which are independent of the sample. A mixture of substances
can often be separated into the original substances by using one or more of the
characteristic properties.
Grades 6-8—Technology & Engineering: Design, Production, Use, and Assessment
• Design a product using engineering and scientific principles.
• Produce (using tools and materials), use, evaluate and improve the product that
was designed.
• Document the design process through written and graphic means, including
three-view drawings.
• Make an engineering presentation of the finished product (including an
explanation of the scientific principles involved) using print, visual, and
electronic media.
In particular, such guidelines will be useful to museum staff as they develop
programmatic extensions of At the Canal’s Edge over the next few years. The most
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extensive of these, in current planning expectations, are for Pre-K-5 school groups, to
address the partnership expectations of the Holyoke Public Schools; these of course also
4

correspond closely to the needs of virtually all other public school systems in the
region, so the intent is to actively recruit additional school systems to participate in the
Connecticut in the Classroom curriculum, and to visit the museum as part of that

involvement. Also, however, guidelines such as these assist staff in developing and
facilitating a wide range of additional river-themed programs, from vacation and
summer camp offerings to family science and weekend workshops. The applicability to
upper age brackets is most apt, too, in serving as topical subjects for the various
programs organized for the CMH Junior Volunteers. The primary cue afforded by
MITS guidelines, to my mind, is the exceptional open-endedness inhering to the
methodology; this is an approach regarding method, not a prescriptive recipe. Eliciting
predictions from children is core, as is the implicit defining of the presenters’ roles as
that of facilitators, not repositories of “correct answers.” Supporting children’s
increasing skills at asking searching questions is also most important.
Not only is MITS a valid and reliable source of such innovative and childfocused practices of teaching and learning, they are supported in turn in their praxis by
the best current research in those domains. In How people learn, for instance, such
approaches (e.g., privileging of facilitated deep questioning) is termed “active
learning:”
New developments in the science of learning also emphasize the importance
of helping people take control of their own learning. Since understanding is
viewed as important, people must learn to recognize when they understand and
when they need more information. What strategies might they use to assess
whether they understand someone else’s meaning? Wfiat kinds of evidence do
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they need in order to believe particular claims? How can they build their own
theories of phenomena and test them effectively? (Bransford et al, 2000, p. 12)
It’s one thing to assert that one is a proponent of inquiry-driven methods of
learning and teaching, quite another to genuinely practice it. MITS gave me the action
research opportunity to hone in my own praxis the skills that undergird the method.
Teaching (mostly elementary school) teachers during MITS Summer Institutes for six
consecutive years also—perhaps the most important piece of learning that I took away
from that punctuate experience—let me realize or recognize their fears. Of particular
note here was that of being vulnerable in a classroom context. Since that is one that I
don’t especially share—I’ve so often been in the position of having no idea of the
answer to one or another ingenious, thoughtful, inquisitive or otherwise observant
child’s questions over the years of CM work that that circumstance is not especially
troubling; when I’m at the top of my game, it’s actually a goal of the teaching or
facilitating process, an index of pedagogical efficacy: if I can’t answer their queries,
that means—to my mind, at least—that they’re doing some deep thinking that I have
had at least something to do with helping to elicit.
Thus, when the teachers in my classes were able to ask those kinds of questions,
I was (generally, certainly not inevitably) able to model the constructivist stance—viz.,
Duckworth (1987), trying to tease out their sense of the answer, or at least of where the
constructs underlying the answer might be located, or in what direction they might be
trending. (Trumbull [1990, p. 14] brings out the nuanced, important point that the more
standard approach, the “Let’s look the answer up together” sort of response, still
privileges a canonical source of “the right answer” external to the participants and the
situation, rather than a procedural trust in the investigational and cognitive capabilities
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of the questioning child, with or without the help of the engaged adult). In short, MITS
and constructivist pedagogy more globally turn upon the same pivotal unwarranted
4

optimism, discussed previously, that characterizes the intent-driven learning of small
children.
Bioregion is the idea that distinctions between regions should follow such
factors as watersheds, landforms, cultural perceptions, spirit places, and
elevation. These distinctions are based on ecological and cultural criteria rather
than on patterns of land ownership. A set of multiple regions may be called a
transregion. This idea helps us understand the connections between dynamic
boundaries. Transregions allow us to explore how different habitats and cultures
may trade, exchange information, and peacefully coexist. For example, the
political integration of neighboring bioregions is a transregional issue. The
enviroregion permeates all regional distinctions. It represents integrated global
circulatory systems (ecological, cultural, spiritual). It describes the connecting
processes that are the basis of global citizenship: the awareness that local
bioregional actions, local states of mind, and local political decisions must
always be informed by the environmental perspective. Finally, with the growing
influence of electronic networks, we have new regions of communication
spaces. These are postmodern spatial domains which allow people who live in
bioregions that are not neighboring to develop networks and affinities. Mind
regions that cut through bioregional distinctions are metaregions.
In the course of an ordinary day, we traverse all of these regions. Today’s
weather may have originated in the Gulf of Mexico or in the Canadian Arctic.
Migrating songbirds range throughout multiple habitats. It is not possible just to
be concerned with the preservation of our special small comer of the world. So
our sense of place is as deep and extensive as we choose to make it. But this
need not be the cause of confusion and dismay. Rather, it can teach us humility
and respect. The world is far more diverse and complex that we can ever know.
Local and global are merely convenient distinctions.
The sense-of-place map teaches us that we may travel in many directions, but
our minds and hearts require roots. When we are rooted to the place where we
live, it is easier to see the whole, to see ourselves as part of the landscape. When
we care enough about life to leam about our place, we understand more about
our neighbors. We create the potential to nurture compassion for all beings.
(Thomashow, 1998, p. 197)
All the contextual aspects discussed in this chapter have been instrumental as
components within the framework we constructed to craft the ATCE exhibit. This
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framework was, in turn, organized based on the taxonomic substrate of values, vision,
goals, actions, and outcomes.

“The drive to learn is our most important and central instinct” (Gopnik,
Meltzoff, & Kuhl, 1999, p. 8). This paradigm, in turn, became the most important and
central operating assumption of the CMH planning team, as it is of the field at large.
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Notes

1 Berger, 2001, p. 45
2 An excellent presentation that supports my point was a May 4th afternoon session at
InterActivity 2001, Educators as Researchers: Reggio Emilia in the Museum Setting.
3
I suggest there exists at least a loose connection of this construct to that of moderate
novelty (cf. Children’s museums section, Ch. 1 and Creative Discovery Museum,
Chattanooga, TN section, Ch. 3). The providing of at least partially intuitively
accessible experiential, experimental, environmental opportunities creates a stage for
the active investigation of items and relationships which provoke significant but
manageable cognitive uncertainty.
4 Research on the topic of family learning in museum contexts will be investigated more
fully in the Family learning units section, this chapter.
5The work being done in these areas, while moving fields such as developmental
psychology, neurobiology, and cognitive science forward at a remarkably rapid pace, is
no longer as overarching in intentionality as was the grand theory development
discussed in the preceding passages.
6 Perhaps more importantly, at least in the discussion at hand, is the aspect of
affordances suggesting that, if they are thus embedded, then by extension they are
likewise open to effective design intervention. This attribute, then, provides support for
my working schema regarding the critical importance of seeking ways to identify,
isolate, and refine the ways in which the shaping environment is first shaped (in this
instance, by CM design and development professionals, including myself).
7 Quoted in Sutton-Smith, 1997, p. 59.
8

Geertz, in turn, credits yet another source with originating the term and its referential
construct. I will quote at length from the embedding passage, since it unpacks, cogently
and deeply (thickly), much theory applicable to Action Research.
[I]f you want to understand what a science is, you should look in the first
instance not at its theories or its findings, and certainly not at what its apologists
say about it; you should look at what the practitioners of it do.
In anthropology, or anyway social anthropology, what the practitioners do is
ethnography. [Ethnography, it should be noted here, is a core constituent
substrate of AR]. And it is in understanding what ethnography is, or more
exactly what doing ethnography is, that a start can be made towards grasping
what anthropological analysis amounts to as a form of knowledge. This, it must
immediately be said, is not a matter of methods. From one point of view, that of
the textbook, doing ethnography [substantially parallel with doing action
research] is establishing rapport, selecting informants, transcribing texts, taking
genealogies, mapping fields, keeping a diary, and so on. But it is not these
things, techniques and received procedures that define the enterprise. What
defines it is the kind of intellectual effort it is: an elaborate venture in, to borrow
a notion from Gilbert Ryle, “thick description” ... the sort of piled-up structures
of inference and implication through which an ethnographer [or an action
researcher] is continually trying to pick his way. (Geertz, 1973, pp. 5-7)
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9

This work was begun while Crowley was Dr. Maureen Callanan’s postdoctoral student
and colleague at UC Santa Cruz, and continued after he became first an Assistant and
now an Associate Professor of Cognitive Psychology at the University of Pittsburgh.
10 The Children’s Museum of Pittsburgh is one of the core venues which provided
models of water exhibits for this project; it will be discussed at considerable length in
the Pittsburgh Children’s Museum section of Chapter 3.
11 This interpretation is purely Piagetian in perspective (cf., e.g., Constructivism
elaborated section, this chapter).
12

The Parent Involvement Project was a seven-year statewide effort, sponsored by the
Massachusetts Department of Education, funded by the National Science Foundation,
and facilitated by the Museum Institute for Teaching Science (MITS) with a goal of
increasing parental and caregiver involvement in the education of their children,
especially those in Pre-K through Elementary grade levels. CMH anchored one of over
40 Coalitions organized statewide to help in this initiative. It was my good fortune both
to serve as the point person in running the project at the museum and in the fact that it
mapped elegantly onto the work I did to prototype an array of interesting, engaging,
developmentally-cued water focused activities for presentation to school groups during
the pivotal pilot year of the Connecticut in the Classroom Initiative grant cycle through
the MCC. My AmeriCorps team and our Junior Volunteers were fundamental in the
design, testing, and refinement of every one of these activities, from Pre-K on. I have
no doubt that their effort and enthusiasm were pivotal in our being so successful with
the introductory sequence of presentations that MCC saw fit to fund the entire
enterprise, of which the At the Canal’s Edge project is now, some six years later, the
culminating result. I would hope, of course, that it, too, is but a step in an ongoing
progression of pedagogical innovation.
13
Part of this photodocumentation was eventually incorporated into the second-year
follow-up grant application to MCC, where it provided crucial supporting evidence of
the depth and breadth of CMH efforts to craft a truly engaging and educational
program.
14

CMH has, for over a decade, provided just that sort of teacher education program, in
partnership with the Boston-based Museum Institute for Teaching Science (MITS); a
representative sampling of their curriculum is presented later in this chapter (Museum
Institute for Teaching Science section). I served as either a co-facilitator or solo
presenter of these professional development workshops during six consecutive
summers, 1995-2001; consequently, I have considerable familiarity both with their
excellent outcomes and with the struggles that participating teachers have in trying to
accommodate constructivist teaching approaches to archaic, rule-bound, student- and
teacher-dismissive, deficit-focused school systems.
15 Eisner, 1991, p. 138.
16 Hall rather sardonically reflects on the difficulty of integration of the quotidian
practicalities with the conceptual frameworks underpinning theory:
The danger is that real-life problems are dismissed while philosophical and
theoretical systems are treated as real. I see this every day in my students. It
has been my experience that after students have spent sixteen or more years in
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our education system they have been so brainwashed that it is impossible to get
them to go out and simply observe and report back what they heard, what they
felt, or what went on before their eyes. Most of them are helpless in the face of
real life, because they have to know beforehand what they are going to discover
and have a theory or a hypothesis to test. Why? Because that is the way they
have been taught. What is more, for those who go on for advanced degrees, that
is the way they will get their money for research and their “brownie points” for
publication. (Hall, 1976, p. 39)
17 Gardner, (1993).
18

The former Capital Children’s Museum will reopen as National Children’s Museum,
through the efforts of their museum Board which has to date raised well in excess of
one hundred million dollars for this expansion, intended to result in a literal national
model of children’s museum form and content.
19

A more complete investigation of such alternative conceptions is provided in the
Naive interpretations section of this chapter.
20

Personal notes from ACM InterActivity conference Keynote speech, Wednesday,
May 5, 2004 (New Orleans, LA).
21

Those serviceable phrases were not in common use during those first few years of the
project. They were only beginning to gain currency in the museum field more largely,
and perhaps even more slowly in the children’s museum segment of that field. I posit
that this may be due to an ironic misconstrual: because CMs deliberately strive for
divergent thinking and unconventional methods in virtually all their practices and
protocols, the idea that particular generalizable and transferable methodological
approaches might be very useful seemed overly structured, hence anathematic, until
their utility was demonstrated conclusively by a few ground-breaking institutions
including the children’s museums in Boston, San Jose, and Indianapolis. Now, they
have become much more common vernacular, in part because of concerted efforts by a
number of seasoned veterans of exhibit conceptualization, development, and design
field-wide. Their prescient realization of the extent to which these and similar terms—
and, of course, more precisely, the core concepts underlying these terms—can impact
dramatically the entire program involved in the creation of an exhibit, as well as the
way in which it is subsequently used (or misused) has finally percolated across the
entire field at this point.
22

~~ The following passage is found in The reflective practitioner: How professionals
think in action:
The argument from the inherent complexity of intuitive knowing raises again the
question of what constitutes a good description of action. Speaking of the
centipede’s paralysis, Seymour Papert once observed that the difficulty is not in
the inherent complexity of the material brought to consciousness but in our ways
of representing complexity. Certain descriptions are more useful for action than
others. The centipede might have given a nonparalyzing answer to the question,
“How do you do it?” by saying simply, “I move forward in a wavy motion.”
(Schon, 1983, p.279) '
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23

I have attended application-guideline presentation sessions by representatives of each
of these Federal agencies during several ACM InterActivities. Each one emphasized
the current mandate, indeed the virtual requirement, to form appropriate and effective
community partnerships, generate a positive track record through that vehicle, and then
apply for funding as the collective rather than trying to secure funding independently.
24

The website for the Children’s Discovery Museum of San Jose provides additional
information about WaterWays and the rest of the exemplary embedding institution.
Since this site is sponsored by Adobe, it has particularly fine graphics and is a model of
navigational ease; cf. http://www.cdm.org/index.asp?f=0
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CHAPTER 3.
RESEARCH
♦

Water is what makes our planet unique. Philip Ball'

This chapter, the core constituent section of the dissertation, lays out the At The
Canal's Edge exhibit development project at the Children’s Museum at Holyoke (MA)

in particular detail. In it, I unpack the specific steps in the process of creating the
exhibit, specifying in action research narrative format the principal recursive sequences
of planning, actions, investigations and observations, and revisiting and reflections
which the project planning team, and I in particular as their researcher/practitioner, went
through in taking the exhibit from a loosely articulated concept to the finished plans
resulting in its construction and installation on the museum floor. The idea of my
serving as a consultant to the Children’s Museum at Holyoke (CMH) had been
broached to me some months before the actual research began; in turn, I had presented
this concept as the basis for my dissertation topic to my esteemed committee at the
conclusion of my Comprehensive Examination defense, where it met with immediate,
unanimous, and I believe enthusiastic approval. I then framed it as a formal
Dissertation Proposal; that approved document consequently has formed the conceptual
bedrock of this dissertation and thus of the sequence of action research protocols which
informs it. I shared copies of the Dissertation Proposal draft with my colleagues at
CMH, and we used its overall outline to sketch loosely a sequence of actions which we
should undertake. The initial important one was visiting a number of other children’s
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museums and comparable venues which host water exhibits, to ratchet up our individual
and collective expertise about what such configurations might best offer to children.
ATCE planning team
A constellation of loosely articulated shared notions formed the baseline of the
initial loop of our AR, the description of which begins here. It was grounded in the sort
of tacitly held concepts and inchoate sensibilities, informed principally by previous
praxis in the field, which brought each member of the planning team to the table; of
course, in turn each brought to the work a different level of interest in, experience with,
and theoretical insight concerning and supporting the global concept of a water-based
exhibit. Still, there were some basic shared assumptions sets and points of departure
which served well as impetus to get the process underway: we knew that there was a
whole area of Connecticut River-based understanding which such a stream table could
help to make evident. For instance, “A museum waterflow model can indicate
something about river currents” (Duckworth, 1987, p. 27).

Iteratively, then, the array

of personally-accepted expectations were shared, and then re-shaped based on group
input and, especially, on the panoply of insights made possible by my fieldwork. Schon
frames the methodology in this way:
In this reflective conversation, the practitioner’s effort to solve the reframed
problem yields new discoveries which call for new reflection-in-action. The
process spirals through stages of appreciation, action, and reappreciation. The
unique and uncertain situation comes to be understood through the attempt to
change it, and changed through the attempt to understand it. (1982, p. 132)
He subsequently (ibid, p. 134) summarizes this by saying, “When the practitioner tries
to solve the problem he has set, he seeks both to understand the situation and to change
it.” In the case of the ATCE work group, we had to understand and jointly articulate the
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museum mission as it impacted our exhibit-development goals; we had to gain a
comprehensive understanding of an array of best-practices models that had apt parallels
4

to our context; and we had to develop the sequence of procedures, making use of AR
protocols, which would let us make the requisite changes in an effective fashion.
It is worth noting that there was a learning curve about action research praxis
that paralleled the planning group’s evolving comprehensive grasp of the exhibitspecific information generated per se. During the first cycle of research, the
participants were only becoming familiar with the process and only gradually gaining
facility in operating professionally in relation to it. By the end of the third cycle of
spiraling reflection-in-action, the methodology had become much more intuitive,
natural, or fluent; principal participants, protocol-savvy, simply did action research, that
is, used it to advance their practice in the day-to-day, week-to-week sequences of the
requisite AR stages of planning->action->observation->reflection. In short, we
evolved as reflective practitioners, collectively and quite organically, in the direction of
becoming a community of inquiry.
While the planning team’s makeup varied across time, with various practitioners
joining in as need and opportunity dictated, the core group was made up of Marie
Silver, CMH Program Director and ATCE Project Director; Kristen Angel, CMH
Education Director; Beth Barton, CMH Executive Director; Charles Lotspeich,
Director, Holyoke Heritage State Park [the multi-facility park in which CMH is sited];
and me. It is worth noting that, although we were all pedagogically trained
professionals in the museum or visitor services fields, our domains of expertise varied
widely. For instance, Lotspeich is first and foremost a naturalist with secondary
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competencies as an urban historian and visitor services specialist. Silver a program
specialist with a focus on fund-raising and grant administration, and so on. I was the
only one involved at the outset with extensive experience in exhibit creation. Our
subsequent bringing of exhibits developer Melanie Perlman to the team provided much
needed additional breadth and depth of expertise in the development process.
Front-end evaluation, or preliminary assessment, to use an informal term more
appropriate for the activities often carried out, is also effective in developing
exhibitions. Front-end evaluation refers to visitor studies carried out in the
early development of a program or exhibition concept intended to ascertain the
desirability of a particular plan of action. (Hein, p. 59)
The reality is that the design of learning environments is a complex assignment.
While the solutions may be simple or elegant, they can almost never be
“simplistic.” We need to understand the complexity of the human experience . .
. in order to understand what “learning” is about. We also need to recognize that
it is almost impossible to solve a design problem unidimensionally. Everything
we do as designers impact the users of the space at many different levels. (Nair
& Fielding, 2005, p. 7)
I might add that the reframing of Piaget’s role-delimiting term of genetic
epistemology into the notion of “contextualist epistemology” (Herr & Anderson, 2005,
p. 98) has been useful as a personal guidepost to methodology in my thinking about the
work I did on this project; this was operative both as I was doing it and after the fact, in
reflecting upon the enterprise and especially in the final formulation of this dissertation:
the context, the environment (of the exhibit, in this instance) becomes the pivotal factor.
A goal of my research, in keeping with AR protocols, was the identifying,
isolating, and establishing of significant patterns (such as triangulations and
correlational instances) in and across each of these cycles, rather than of causes which
are outcomes expected of experimental research. “As is common in action research,
just raising the research question and designing a way to study it is often already an
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intervention into the setting” (Herr & Anderson, ibid, p. 108). From the outset, our
efforts were directed toward being “ ... able to hash out together the complexity of the
decision making and make explicit [our] own thinking” (ibid, p. 108).
An example of such codifying of thinking exists in the form of a one-page
memo I shared at a very early planning session. While this was utterly non-prescriptive,
it did serve to begin the process of attempting to be specific as to defining learning
outcomes. Too, it made my way of approaching and addressing the overall issue more
transparent to my colleagues. I also intended it to set the bar high as to level of ongoing
dialogue.
Heuristics
Given: water exhibits per se (with the concomitant or embedded assumption that such
systemic structures or structural systems are valuable, have pedagogical utility, and
contribute in non-trivial ways to play-based learning).
Need: to find out
How are they valuable?
More specifically, in what ways, if any, might they be uniquely valuable?
What do children, and visitors in general, learn from them?
Are any of these new learnings unlikely to be as readily effectuated
elsewhere?
What particular or punctuate play characteristics or attributes do they tend to
support, privilege, or engender?
What are their downsides?
Can these be codified in the form of a spectrum? (For instance, from
danger through annoyance; from generating misconceptions to
not including all data that’s possibly topically pertinent).
Parent Involvement Project-sponsored family visits and school group visits pointed up
the fact that there’s not a lot of clear understanding out there about the structure or
function of the canals, certainly not of their systemic, interconnected character or their
connection to the river; rather, they’re simply there, effectively outside awareness.
Shortly thereafter, I also circulated copies of transcribed rough draft notes from
previous conferences and related articles in my files that seemed highly useful, viz.:
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Exhibit ideas/considerations/guidelines from other institutions & professionals
Take a macro view:
Tender an exhibit development map which can be applied at the start of any new
project.
1. Institution’s mission
2. Exhibition/Program vision
3. Exhibition criteria
4. Themes/topics/experiences
5. Team structure and leadership
Must have an absolute leader (aka dictator) for each exhibit [Marie, in our case].
Developer must understand learning, & visitor services, and have a passion for the
topic; must advocate fiercely for both the visitor and the content.
Brainstorming goal: (The rendering of) a vivid and shared vision with which to move
forward into a design process. (Doug Stevenson, Exhibit Builder. 12/2003, p. 20).
Suggestion: designate a ‘gestalt cop’ (e.g., visitor advocate), with status equivalent to
developer, designer, educator . .. Asks such questions as, “What’s the relationship
between this new exhibit and existing ones?”; “How does the visitor get cued in to new
exhibitry at its entry?”; and, “How far is this component from a bathroom?” Aaron
Goldblatt, Director of Exhibits, Please Touch® Museum, Philadelphia, PA (Personal
notes, Environments for the Very Young in Museums Conference, November 7-8,
1997) [This, over time, became part of Kristen’s role, albeit loosely defined].
Via 1995 AYM Inter Activity:
Charlotte Beale, Director of Exhibits and Programs, Seattle Children’s Museum:
Develop a mission statement for every exhibit.
Allison Moore, Executive Director at Collage Children’s Museum:
Promote interaction between children and adults as well as between and among
children.
Information-gathering is your major money-saving technique. [I viewed this point as
providing major conceptual support for all my data-gathering fieldwork].
Most suppliers will at least sell you their products at cost or wholesale, and many will
donate them outright (Personal notes, Philadelphia conference, 20 May 2005).
Via 2001 AYM Inter Activity:
Kevin Crowley, Ph.D., Assistant Professor, School of Education, University of
Pittsburgh:
Moments of Learning (after seven years of developing his research methodology, with
10,000 families participating and 4,000 of these analyzed in 13 separate studies utilizing
43 different exhibits): average (moment of learning) is 68 seconds, with the average
amount of time a child uses an exhibit 90.1 seconds.
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METAQUALIFIER: “Research is always an unfinished business . .. but here’s what I
think is going on.”
Be sure you’re measuring what you think you’re designing.
Get the exhibit developer to actually verbalize just what it is that they’re hoping to get
into that new exhibit!
N.B.: grantors always ask, “How do you measure success?” (the eternal nemesis of
measurable outcomes).
Core question: What habits of learning does this particular exhibit promote?
The parent can be helped to (can be given the opportunity to have a chance to)
understand their child as a learner.
Look for the exhibit that promotes more questions than answers.
What are we hoping kids will say at this exhibit? (For example, “I made that!” or
“That’s like my house!”).
Think of your institution as a learning place rather than as a teaching place.
Londi Carbajal, Co-Director, Santa Fe Children’s Museum:
Build prototypes that can evolve.
“The creative mind plays with the things it loves.”
Give children the freedom to explore free play in a materials-rich environment.
Keep children engaged in a meaningful way and seek to keep them engaged in ways
which you haven’t anticipated (Personal notes, St. Louis conference, 4 May 2001).
All this highly focused and outcome-directed work required, too, a leavening of
playfulness on our parts. I certainly pointed this up, at this point and at many
subsequent points throughout the project; it’s core to my personal and professional
sensibility, and of course a principal reason for my affinity for the children’s museum
field. It was particularly easy to emphasize this when we were looking at the newest set
of digitized images from one or another research trip, since they were so clearly
evocative of fun, both for users and for creators. A comment I made to the group at this
point, that I liked enough to write down, was “What we’re seeking to do is to create a
playground of, and for, the mind as well as the body.” This perspective echoed a
comment I consider pivotal, by a colleague at an earlier conference: “The play on our
parts [as exhibit creators] is absolutely necessary if the exhibit is to be successful ... the
designers must be having fun” (Signe Hanson, former Exhibits Director, Boston
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Children’s Museum; Personal notes, Environments for the Very Young in Museums
Conference, November 8, 1997).
The first AR loop: What the exhibit does.
Again, the aforementioned array of shared group understandings, sensibilities
and competencies serves as the startpoint of the first loop of recursive action research;
the sequence of events will be handled henceforth as a story, a narrative with AR
providing the thread. “In qualitative . . . studies the demonstration of causation rests
heavily on the description of a visualizable sequence of events, each event flowing into
the next” (Weiss, 1994, p. 179). Our operating assumption from the outset was that
clarity of intentions leads to (at least a much greater likelihood of) clarity of operations;
the goals generally suggest the procedures necessary for their attainment. A major role
of the action research in this instance is to compare and contrast the various venues’
exceedingly various solutions, and cull the excellence, distill out relevant attribute sets,
and combine these into a punch list or protocol taxonomy, encompassing goals,
objectives, learning criteria, and the like. Our discussions centered on assessing the
images I had culled from St. Louis, Ottawa, Houston, and Austin surfaced the potential
of that straightforward approach. Even a few dozen relevant source images can be
sufficiently provocative to set a deep brainstorming session into operation. “If we wish
to be able capaciously to judge, as of course we must, we need to make ourselves able
capaciously to see” (Geertz, 2000, p. 87).
Thus . . . inquiry, however it may initially have been conceived, turns into a
frame experiment. What allows this to happen is that the inquirer is willing to
step into the problematic situation, to impose a frame on it, to follow the
implications of the discipline thus established, and yet to remain open to the
situation’s back-talk. Reflecting on the surprising consequences of his efforts to
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shape the situation in conformity with his initially chosen view, the inquirer
frames new questions and new ends in view. (Schon, 1982, p. 269)
“There is no opposition between fine grained work, uncovering variousness, and
general characterization, defining affinities. The trick is to get them to illuminate one
another, and reveal thereby what identity is. And what it is not” (Geertz, 2000, p. 227).
A personal goal, namely to conjoin careful, sustained, intensive planning with
whimsical, opportunistic, epiphany-triggered serendipity, links to this observation.
I was certainly convinced at the outset that, at minimum, seeing alternate models would
free up our thinking, if only by suggesting a broader array of options than we were
likely to render independently. “By thinking of more and more general kinds of
solutions, people can free themselves from unnecessary assumptions, assumptions that
conceal opportunities for solving a problem” (Perkins, 1981, p. 145). Also, I was of the
mindset that the sooner I could immerse myself in the process of accumulating fresh
data, the more expeditious would be the contiguous efforts to synthesize that data and
begin to formulate coherent project-guiding theories based upon it.
Most investigators let analysis slide until the advent of an “analysis phase.”
Anselm Strauss . . . and Miles and Huberman . . . consider this bad practice.
They urge that analysis begin as soon as there is data collection. Miles and
Huberman observe that the more investigators have developed understandings
during data collection, the surer they can be of the adequacy of the data
collection and the less daunting will be the task of fully analyzing the data.
(Weiss, 1994, p. 151; citations deleted)
I planned these targeted field visits around well-considered core venues,
exemplars which initial research incursions had shown would be relevant. Still,
encountering several of the sites investigated was simply serendipitous, in that their
locations happened to be approximately along the route I was driving on my way to
other cities; both Columbus and Cincinnati emerged as research venues in that fashion,
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and both served to provide much valid data. Carnegie Science Center, too, was an
unanticipated plus. I simply had several hours free in the late afternoon after a very
intensive day at Pittsburgh Children’s Museum. I chose to include both that science
museum and Columbus, Ohio’s COSI (formerly an acronym for the Center of Science
and Industry, now the official stand-alone name) even though neither is a children’s
museum, because their offerings in the domains under investigation were exceedingly
relevant. COSI, in particular, showcases a water area for toddlers and young
preschoolers that is as fine as any I’ve encountered; I obtained many lucid insights from
their designs, which were then assimilated into the CMH team’s concepts. This points
up, incidentally, the interpenetrability of museum types which, even twenty years ago,
would have remained, both in self-definition and in public perception, categorically
distinct from one another in terms of audience served and content topics presented,
namely science centers and children’s museums. I believe there is strong evidence that
many contemporary self-defined discovery centers, aquaria, zoos, botanic gardens, and
nature centers are likewise beginning to share equivalent characteristics, especially a
focus on outreach, child-directed offerings, family learning as a core audience
expectation, incorporation of assumptions about multiple learning styles into their
environments, and a constructivist sensibility.
Action research in practice: children’s museum field visits
4

It makes a difference where things happen. Geertz
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Boston Children’s Museum, Boston, MA
The next section of this chapter, then, will constitute an unpacking of the
4

specifics of a series of these field experiences in detail, since they proved germane, and
occasionally critical, to all the subsequent work of the project. The first of these
research visits was done as a joint enterprise: Marie Silver, the Project Director;
Melanie Perlman, our initial exhibit developer consultant; and I spent an afternoon
together in Boston in this instance. This came about because, above and beyond our
shared experience with the Body of Water prototype, Silver and I shared a working
familiarity with a number of regional and national models, specifically those in the
Boston, Providence, Portland (ME), and Minnesota Children’s Museums. Hence, we
chose to revisit the Boston Children’s Museum (BCM) Boats Afloat! water exhibit
together as the logical startpoint from which to develop our parallel evolving insights
about ATCE; since it is in reasonably close proximity to Holyoke,5 every member of the
development team was already familiar with it. (The other fieldwork I did alone or with
critical friends rather than CMH colleagues, afterwards reporting my findings back to
our working group).6
As a consequence of its regional location, Boston Children’s Museum has over
the years been partnered in a number of significant projects in which CMH was also
involved. Consequently, I have worked extensively with a number of BCM staff. Also,
Melanie had begun her museum career as a staff person there, so she too had a long
history of collaborative work with many of the same professionals. On this afternoon,
bolstered by this multivalent collegiality, several members of the Boston exhibits and
education staff spent a number of hours walking us through nuanced intricacies of the
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water area; they were wonderfully forthcoming in helping us analyze both the evident
and considerable successes and the less visible yet most relevant limitations or
shortcomings of the solution. Our working assumption, which proved correct, was that
this mutual familiarity would provide us a rich array of topics to start the extensive and
expansive conversation that At the Canal’s Edge proved to encompass.
One particularly evident parallel between Boston’s water exhibit and that of
Holyoke since the latter’s plans were first conceptualized is the immediately sitespecific modeling involved; in fact, it is the physical orientation to place that makes that
construct of similarity so compelling. The Boston Children’s Museum is located at
Museum Wharf in the old docks-based commercial district of the city; a channel
waterway is literally only steps away from its main entrance. Correlatively, the
Children’s Museum at Holyoke is similarly sited in a renovated industrial building in
that city’s former commercial core, likewise separated by a sidewalk’s width from one
of the canals looping through the entire downtown. The conceptual leap required to
define the exhibit by the device of the adjoining waterway was not a large one, and has
fine scaffolding utility. Especially for younger visitors still in the concrete operational
stage of cognitive development, being able to connect a proximate this to an only
slightly more distant that, particularly when this is essentially a miniaturization of that,
makes the relationship much more readily apparent than when the connection is only
conceptual. Lynchburg’s James River watershed maquette is an instance of just such an
abstract referent; the river is not close enough to the museum to be seen from it. Thus,
children must make the formal operational connection between where they are in the
exhibit space and where the source referent river exists. I would suggest that such a
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conceptual construction is an atypical outcome, although the question is worth further
investigation. The point is moot in the discussion to hand, in any event; in both the
Boston and Holyoke venues, children can simply look out the windows overlooking the
respective adjoining watercourses and, perhaps as readily as by pointing, project the
construct of self into this scaled-down version of ordinary reality and geography.
As can be seen in the overview image in Figure 1, the Channel Tank portion, so
called, of the Boston Children’s Museum water area is punctuated by a number of scale
models, each somewhat simplified but readily identifiable (again, merely by looking out
the window to compare) vis-a-vis the original, of bridges, barges, and buildings; hence,
the place-based quality which the exhibit is intended to convey is tacitly, schematically
enhanced. While the exhibit is intended to be fully comprehensible as to use without a
need for reliance on signage, for children or caregivers who enjoy making use of that
amplifying medium there are several wall-affixed signs in this area to provide an added
dimension of information. Part of the data presented concerns the particulars of the
model noted above, that the view out the adjoining window corresponds to the elements
in the channel tank arrangement; the remainder is a graphically-cued list and description
of many of the types of boats which can be seen plying the channel. This model sets the
stage for interactive play at this part of the exhibit. I’m going to quote at length from
the signage text, as it provides a sense of the designers’ overarching insights and
intentions, and also addresses and seeks to correct a possible miscue-generator inherent
in the unidirectional flow of the current in the tank, for visitors assuming a direct oneto-one correspondence between the model and the actual.
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Would you like to send a boat out towards Boston Harbor? Choose a boat or put one
together [no longer an option; see below] and place it in the water at one end of the
channel. Use the water jets along the sides to help your boat move.
The water you see out the window is The Fort Point Channel. Our tank is a model of
the actual channel. We have included a few of the features we found interesting:
• the resident boats
• the bridges
• big buildings on the water’s edge
• the current
In the tank, the current is always going out but the real one ebbs and flows. [A
clarifying sentence or two about the meaning of that statement might be apt].
As you play with boats and barges in the Channel Tank, we hope you will become
curious about the activities in the channel itself.
This is but the English-language version of the text; there is a Spanish-language version
as well. (Boston and Holyoke are the only two of the museums to be reviewed in this
document which make use of multilingual signage, a troubling oversight particularly
considering the inclusive stance which every children’s museum espouses towards all
children and all caregivers). The tone of the text is conversational, informal, and
interactive rather than prescriptive, essentially putting a human face on the institution.
In my view, this personalization effectively gives children permission to be
concomitantly interactive in their engagement with the exhibit and the museum at large,
taking ownership of their museum experience to make it genuinely their own. Falk and
Dierking discuss this evolving procedure in The museum experience (1992, p. 138),
noting that, “All visitors personalize the museum’s message to conform to their own
7

understanding and experience.”

I would suggest that any signage that supports the

visitor’s elaboration of such personalization is effective signage, regardless of its utility
at conveying precise semantic content; it is the engagement factor, on this view, which
is paramount. Another gentle cue provided by the text in this case suggests, in a most
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open-ended way, how the main interactive affordance of the Channel Tank may be
manipulated—by “using” the water jets. Each of the several dozen nozzled jets is
equipped with a small control wheel; the assumption is that children will figure out
what such “using” entails, even if they don’t notice the little signs between pairs of jet
stations, each with the text, “Turn handle to direct water jets. Can you change the
movement of your boat?” (Figure 2). In short, turning the control wheel simply changes
the angle at which the nozzle pushes a powerful little gush of water roiling into the
channel. For pre-readers or children too young, inexperienced or hesitant to draw such
an inference on their own, modeling typically fills in the knowledge gap: seeing another
child turning their wheel and noticing the change in water movement that results is a
neutral but lucid and immediate prompting device. In brief, then, while the signage is
deftly referential to and clarifying of salient aspects of the exhibitry and its context, it is
not in any way requisite to visitors enjoying full appreciation and utilization of those
aspects.
Our project team concluded that perhaps the most appropriate format for
extended and directed learning about several of the more complex, layered topical
domains alluded to in the signage would be programs, by virtue of their facilitated
nature and constrained content. Such topics might include the nature of the channel’s
current and its connection to the ocean tides, as well as the overall geography and
character of the embedding area, such as the location of the museum in relation to
Boston Harbor and what some of the buildings visible out the window might be used
for. Of course, conversations unpacking such issues occur regularly in family groups,
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Figure 1. Channel Tank

Figure 2. Signage and window adjacent to Channel Tank
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but the probability of even a deep-leaming-focused family being able to follow through
in a guided-curricular form of discourse about complex points is often circumstantially
mitigated. Family dynamics such as mixed ages, different degrees of interest in or
competence concerning a particular topic, and power relationships combine with
secondary issues such as needs for food, something to drink, bathroom visits or
scheduling considerations can impact the family group capacity to work through content
domains as fully as some or all members might wish to do.
Our visiting team learned that an ingenious and engaging detail that had been
part of the original design has been jettisoned, simply because keeping in good repair
the number of pieces required to satisfy all the simultaneous visitors to the exhibit
proved too costly in staff time. This was an additive boat system that allowed children
to easily link elements together in incremental configurations. Several characteristics
conjoined to result in its eventual removal from the floor; unfortunately, it was those
very characteristics that rendered it so attractive to children.
First, the boat sections were wooden, thus presenting a substantial and authentic
quality (in contrast to the extremely light plastic toy boats now used in their place).
However, little wooden pieces left in water for extended periods of time—even those
pieces clad with multiple coats of polyurethane, as these were—tend to become
waterlogged and sink. While this might be an acceptable and even desirable outcome in
a structured float and sink activity sequence in which the density factor might be
somehow teased out, in a free-choice exhibit it tends to manifest exclusively as being
endemically problematic. Thus rather extreme redundancy had to be added on to the
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system—dozens of boat segments in the shop drying out, dozens more getting
incrementally heavier in use.
Second, the connection system was incredibly simple, thus—from an exhibit
specialist’s standpoint, in any case—elegant and parsimonious. Strips of sheet magnet
were affixed to the edges of the sections, so that simply placing them together caused
them to stick in place, a wonderfully appropriate solution for young children with
relatively limited fine motor skills. The designers’ intent was that children could select
and connect a pointed bow section, a rectilinear midsection or two, and a curved stem
component, and then go about investigating how the water jets and variations in their
impacting directionality might affect their boat’s performance. However, what in fact
happened with disconcerting or amusing regularity, depending upon one’s perspective,
was that children went about trying to construct the infinite barge—jets and craft
performance did not particularly factor into their explorations, merely how many pieces
could be interconnected. Since at a certain level of learning theory or psychological
assessment, such behavior could be construed as merely repetitive if not literally
perseverational, the additive boat opportunity is now a thing of the past.
It is a relevant aside to note that Sutton-Smith suggests some of the complexities
inhering to full consideration of this sort of repetitive play; he does not, however,
attempt to resolve the conundrum which such consideration suggests.
Looking at such selected children (called [in his taxonomic schema] high
players, high storytellers, responsive daydreamers) focuses attention on the
imaginative brilliance that is possible in play. What tends to be
underemphasized in such accounts is that ordinary children, in establishing their
social play, must do many mundane things in order to play together. In this they
are no different from animals or adults whose social play is highly repetitive and
in a way highly conservative, even if also innovative in bringing about
rearrangements of ordinary behavior and instigating quite novel behaviors,
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gestures, speech, and fantasies. There is a need to reach some deeper
understanding of this paradox about social play, how it can be both conservative
and innovative, a dilemma nowadays called Newall’s paradox. Newall wrote
the first ever book about children’s games, Games and Songs of American
Children, in 1883 and worried about this apparent contradiction between play’s
novelty and its ritualism. (1997, p. 166)
Falk and Dierking (1992) consider this baffling quality of certain visitor behavior
thusly: “Despite the best laid plans of even the most conscientious exhibit planners,
visitors will not always use the exhibit in the way it was intended; some visitors seem to
go out of their way to foil the exhibit planner” (p. 150). Whether intentionally or not,
unduly conservative or imaginatively novel, visitor behavior in this instance resulted in
the replacement of a highly adaptable set of learning objects because they embodied an
affordance that was not intuitively supportive of limiting-case use.
I will conclude this portion of the action research narrative about the Channel
Tank by teasing out three specific design decisions which effectively both circumscribe
and provoke the sorts of playful experimentation likely to be carried on and carried out
here. First, the fact that the tide, driven by four pumps running in tandem, coursing
along the length of the water table is, as previously noted, unidirectional, constrains the
setting (invisibly but surely) in a very different way than would be the case were the
tide to be in binary mode, ebbing and flowing. This considered tradeoff does have one
downside: the concept of tidal action is conceptually challenging for children to
comprehend; having a model of the phenomenon operating at substantive scale would
have provided a powerful conceptual tool, in a regulated (program-directed or
classroom-sited) context. Flowever, in a free-choice setting, whatever schedule was
selected for directional change (every minute? every five minutes? every hour?) would
have introduced a variable of a very different order of magnitude than the actual effect.
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This introduction of a dynamic of randomness might well have been a primary source of
conceptual confusion, a miscue-generator of considerable magnitude. To simply
eliminate the variable from the situation made that possibility moot.
Next, the decision to provide an extensive series of replicate single-attribute
devices rendered an experiential setting very different from any other such exhibits I
investigated. The aforementioned direction-alterable jets, spaced at generous intervals
along both sides of the channel, all look, and work, the same. This renders a levelplaying-field arrangement that is constitutively different (in kind rather than degree)
from a configuration made up of multiple types of devices with consequently different
affordances presented. In effect, this design decision ensures that there exists a striking
similarity of opportunity for agency presented to every child at any point along the
table: each of their jets works the same, thus each of their vessels is affected in similar
fashion by equivalent causal vectors resulting in directly analogous operational
outcomes. Thus, the intent—or at least the need—to jockey for position at a station that
might seem to provide a more overtly or ostensively interesting or elaborated or
dynamic mechanism with which to work is obviated. Correlatively, there is embedded
in the available play a subliminal sense of shared control opportunities, or equivalence
of agentivity (again, cf. Bruner, 1990): if that child across the channel is causing
something interesting to happen to her boat, this child observing on this side may
perhaps intuit that he can make the same sort of interesting phenomena happen to his,
since he has just the same sort of control device and resultant bubbling, swirling effects
available to him.
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Finally, at an even more global scale, I think it is worth noting that the designers
chose to render this set of opportunities as a backdrop for elemental water play rather
than as a way to invite children in to more of a physics-of-water or physics-with-water
enterprise, such as goes on, for instance, in the proto-industrial configurations of
mechanisms seen in exhibits in Chattanooga, Cincinnati, or Indianapolis, to be
discussed later.
The buildings and bridges ringing and crossing the Channel Tank are set pieces,
miniaturized devices to scaffold the participating child’s sense of being at a powerful
scale of control in the environment; this does a marvelous job of setting a stage and
provoking a type of play that grounds the physical in the dramatic. It also ramps up the
child’s sense of agency, for instance in the way that the bubbling jets controlled by the
wheel the child turns dramatically impact their boat’s course: the child thus becomes as
a god. The configuration, in short, is not designed to provide a sequence of multiple
dimensions of investigative, science-inflected play; rather, it renders an expansive
reiteration of essential engagement across a single primary theatrical domain.
I now would like to shift the focus to the second large-scale element in the
Boston Children’s Museum’s water exhibit. This is the water table called, alternately,
the barge tank or the float-and-sink tank, nomenclature based on the two alternate roles
this unit can fulfill in the space. Unlike the shallow waterway of the Channel Tank, the
water in this construction is nearly two feet in depth, and can be seen from above, crosssectionally through two long plate glass windows set into opposite side walls, and from
below through a porthole in the tank bottom accessed through a tunnel under the raised
tank’s floor (Figure 3). This system was conceptualized as the primary programmatic
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zone for elaborated water investigations. While the nozzle-equipped fire barge (Figure
4) is effectively permanently tethered (e.g., removable only by staffs disassembling of
couplings between flexible tubing connectors, a process undertaken only for major
maintenance phases), the other barges are easily demounted by staff to provide a large
undifferentiated span of water. Also, the water, rather than flowing in one direction as
in the Channel Tank, can here be isolated into a looping pattern by shutting off one of
the sets of pumps. The combination of these characteristics results in a complex, largescale pool to use in conducting water physics experiments with children, often carried
out in program or camp group contexts. Even basic float and sink activities, with which
many preschoolers and kindergarteners are very familiar, take on much greater point
when carried out in such an elaborated setting, particularly when the sundry portals
allow unusual vantage points from which to observe particular or peculiar outcomes.
The tethered barges provide two very different types of activities. The more
complex of these, both in terms of the mechanisms of staging the experience and in
terms of the conceptual intricacies of grasping the event series being modeled, is the
putting out of a simulated fire on a little barge by means of powerful water sprays from
the fire barge. Children need to push repeatedly on a large lever to compress an
industrial bellows pump which propels the water stream; if the force of flow is
sufficient, the painted two-dimensional fire “target”, hinge-mounted, is knocked flat by
the jet, symbolizing successful firefighting. I have spent a good deal of time across
many visits to the museum watching children operate this system; I must reluctantly
admit that I have never found it particularly compelling in the activities it generates,
other than in a rather amusement park shooting arcade sort of way. Also, it requires a
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Figure 3. Barge tank

Figure 4. Fire barge
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remarkably high level of effort to operate, and so presents a daunting challenge to
smaller or physically-impaired visitors. I thus hold a preference for Chattanooga’s less
mechanistically impressive but far more easily-operable valves, which I watched twoyear-olds managing quite readily. The second-order issue of whether firefighting on the
water—rather less than an intuitively obvious construct—is conceptually accessible to
children is a matter worthy of some further investigation in its own right.
This is an appropriate point at which to mention the high order of extremely
robust, patently utilitarian, and quite ubiquitous array of mechanical appurtenances in
Boats Afloat! For instance, the lever-and-pump system powering the fire barge (Figure
5) is in full view and not at all shrouded, either for undue concern for safety of users or
of the technological devices themselves. As will become clear through observations of
subsequent exhibits, this is an approach shared by only selected CMs; others take a
much more conservative stance toward anything that might so much as suggest this
level of risk. Pedagogically, I find it a compelling perspective, redolent with facticity.
The pump room proper (Figure 6) is even more complex, not to say labyrinthine. This
is hardly surprising: the exhibit was over a decade old when these photographs were
taken; thus, many iterations of maintenance, remediation, retrofitting, and post-facto
alternate solutions have come and gone. While this system is far removed from the
crisp elegance of Pittsburgh’s newly-opened mechanical zones (cf. Figures 53-58,
Pittsburgh Children’s Museum section, this chapter), it has provided pumping and
filtering for ten more years of successful intensive operations than has Pittsburgh’s.
The second barge arrangement is simpler in both concept and operation, being
basically a rigging station at which children may load or unload rather abstractly shaped
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Figure 5. Fire barge lever and pump system

Figure 6. Pump room
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pieces of cargo by means of a crank-operable crane on one tethered barge (Figure 7).
This is more challenging than the description might suggest, since operating the crane
causes the entire surrounding area, barges and water alike, to bob about in asynchronous
ways. Small hooks and irregularly pierced target cargo add to the operational difficulty.
As a result, the activity tends to attract children of upper elementary school age, who
are developmentally capable of successfully manipulating this rather complex
constellation of simultaneously shifting variables. For those visitors, this system
presents as an interesting and amusing array of multivalent affordances.
One detail mandating our critical attention at the barge tank is the step
surrounding most of the tank (again, cf. Figure 3). Because of the specific combination
of design factors (height of table, placement of plate glass windows, and tunnel cutout),
the net result is a high-risk point—or, more precisely, four high-risk points, one at each
terminus of the linear surrounding step. The break points are necessary, since the tunnel
fenestration couldn’t be set in otherwise. However, a child, especially a younger child
with less capacity to manage multiple streams of incoming information—the very child
most likely to be using this height-assistive device—may very well be paying attention
to the activities in the tank rather than to the (suddenly much more relevant) fact that
her or his footing is about to change dramatically and precipitously. This problem
could be rectified by installation of a vertical panel serving as a stop-gap at each
terminus, but that would look most awkward in the way it would intersect those elegant
rectilinear portholes; consequently, it all gets left as is, visually stunning but
proprioceptively risky.
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The final water-manipulating element in the triad of components of this exhibit
is by far the smallest, the most encapsulate—and, in its own way, the most successful,
indeed arguably the most effective and engaging little stand-alone exhibit with which
I’m familiar in any children’s museum (Figure 8). This squat, cylindrical piece is a
diminutive helix of narrow curving channels, fabricated primarily in clear acrylic so that
its workings are transparent both literally and metaphorically. While it was intended by
design for toddlers and preschoolers, I have often noticed that it serves as a powerful
attractor for much older children as well. I have watched toddlers, in particular, spend
fully half an hour in totally entranced interaction with this device; its simple
predictability provides just the right level of suspense and surprise, as to how long it
will be before that object they put in to the spiral sluice as high as they could reach
reappears, and perhaps reappears again further down, before coming to rest in the base
pool to be available for sending on a return voyage. Its action potentials map perfectly
onto the toddlers’ fascination with nearly interminably recursive repetition. This is one
of those rare devices which I find flawless, utterly effective, wholly sufficient unto
itself; I wonder that Boston Children’s Museum doesn’t market it to the field at large.
Since its plumbing is self-contained, all it requires is a single floor-inset water source—
a small infrastructural requirement for a remarkably enticing exhibit.
I will round out this section of description of our initial collectively-obtained set
of action research findings with a brief description of the Minnow, the BCM boat, a
technology-infused vessel adjacent to, although not officially a part of, the water exhibit
per se (Figure 9). The boat itself is simply a nicely schematicized version of a vintage
craft similar to those in place at many children’s museums, especially those in venues
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Figure 8. Self-contained helictical water table
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near an ocean, lake, or river. What distinguishes this one from the typical dramatic play
piece, however, is the color monitor set into its windshield, and the corresponding
control console (Figure 10). This is one of the most sophisticated forays in the context
of children’s museums to make use of computer-driven imagery as a vehicle by which
to augment a physical reality with a virtual one. Children “piloting” the boat can select
the type of craft they wish to imagine themselves in by pushing one of six
characteristics-identifying buttons on the console. Their selection then generates a
corresponding video readout on the monitor, rendering on-screen, real-time-responsive
visuals of what the child would be experiencing through the windshield as they make
the specific maneuvers they chose with their steering patterns. The child’s choice of a
ferry to pilot will result in very different feedback-feedforward loops in the virtual
windshield than will the selection to pilot, for instance, a police pursuit boat. The
stunning effects were designed by Brad Larson, now one of the leading developers of
custom-designed computer graphics and virtual effects consulting to the children’s
museum field, when he was still on staff at Boston Children’s.
Our team review of my draft of this field research, and of Marie’s parallel
assessments, gave point to the complex reality of our collective enterprise: not only its
powerful, dramatic pedagogical, ecological, and esthetic possibilities, but also its
inherent potential for generating problems where none existed previously, for not only
producing a glorious creation but one which might engender unanticipated, and perhaps
even unanticipatable, clusters of complexities and intractable challenges. It gave us
each considerable pause as to how well we could manage the hubris that seems endemic
to deeply creative enterprises, to situations that are fabricated whole cloth, with no
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Figure 9. The Minnow

Figure 10. Child-operable computer-based graphics console ‘windshield’
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guidelines other than the ones we were observant enough, and insightful enough, to put
in place. It also rendered for us the need to take seriously and explicitly a dictum we
had previously considered only subliminally, tacitly: our work put us in the position
where we needed to accept “ ... the possibility of quite literally, and quite thoroughly,
changing our minds” (Geertz, 2000, p. 78).. . about, for instance, what learning looks
like, or learning-centered environments, or programmatic elaborations based thereon.
All this interactivity also gave point to McNiff & Whitehead’s (2006, p. 85) assertion
g

referenced previously, that, “Your participants [e.g., in this instance, the remaining
members of the planning team] mirror you back.”

Values, vision, goals, actions, and outcomes as they appeared at this point.
Importantly, the input from my colleagues at this juncture also gave substance to
our collective approach. It really was the first instance of our working jointly from
external yet real-life, real-time data; to this point, we had been framing our discourse in
relation to critiques of the internal exhibitry or to the insights culled from my previous
years’ visits to CMs with water exhibits (Figure 11, Figure 12 [e.g., Austin, Houston]).
9

Other museums’ web sites had also provided us with good introductory information.
Marie also provided her own carefully considered white paper to help codify our
thinking.

Marie’s Preliminary Ideas for Exhibits
Engineering/Physical Science
• Polar motion exhibit displaying movement of water from river-canal-penstockturbine-factory
• Hand-crank turbine system to show how waterpower works in a more hands-on
fashion (near the polar motion exhibit)
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Figure 11. Austin TX wall-affixed water table arrangement

Figure 12. Houston TX outdoor water table domain
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•

•

•
•

A river current system (probably large ellipse) that has a variety of purposes—
for the engineering piece it would allow visitors to try out their creations as
listed below:
• Building weirs, dams, penstocks, water wheels, fish lifts, etc. using
Lego-like construction materials
Stream tables, one each with gravel, diatomaceous earth, and clay to allow
visitors to demonstrate how rivers form, how islands, oxbows, deltas, and other
physical features are created
Physical model (hands-on) on the water cycle, including a fog machine,
evaporation unit, rain box, etc.
Hands-on demo of water properties: pressure, displacement, surface tension,
cohesion, capillary action, etc.

Biology/Chemistry/Geology
• Variety of props to allow visitors to play in the river current system with fish to
demonstrate characteristics of fish, fishing poles, to show how lures work, boats
to experiment with flotation, floating balls to demonstrate eddies and currents,
water speed, etc.
• Uplands woods mural as a backdrop in a theater with puppets of native animals
• Computerized interactive display for visitors to find their watershed address
• Hands-on activity to build the geology of the region using rock plates and clay,
etc.
• Model of a beaver dam versus a human dam
• Weather exhibit near WGBY Kids TV studio so visitors can put together a
weather show, broadcast it and tape it (perhaps only as part of a program)
History/Culture
• Dress-up area including clothing, belongings, trunks, passports, etc. for visitors
to play at immigrating to the Pioneer Valley area
• Large-scale floor model of the Connecticut River from source to sea allowing
visitors to travel along it by foot (and provide extensive programming
opportunities using props like canoe paddles, compasses, measuring tapes,
backpacks, etc.
• A River mural on corkboard or the like to allow visitors to put up notes
(changing themes such as ‘my wish for the river,’ ‘my wish for my community,’
or ‘special places in my town.’)
It is of note that, while relatively few of these concepts actually are in the ATCE
as it currently exists, many will provide excellent additions to it over time, and still
others are fine guidelines and frameworks for programmatic extensions (cf. also
Chapter 5, Recommendations for CMW/ATCE: appropriate exhibit elaborations
section).
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Fieldwork: Chattanooga, TN and Lynchburg, VA
I followed up this introductory data gathering session with a road trip to New
Orleans to attend the 2004 InterActivity, May 3rd through 5th, which was structured
around the conference theme of Strategies for a Changing World. I made this trip in the
company of an old friend and colleague from our undergraduate days at Brandeis
University, Jude Battles, and his seventeen-year-old son Lowell. In addition to general
conviviality and great company, the two of them provided me with many hours of
deeply engaged conversational input about the CMH project. This, in fact, was my first
extended effort at a feedback session with critical friends (cf. Ch. 2., Global utility of
action research section), which proved to me the utility of that AR protocol. We
planned the itinerary so as to be able to spend a full morning at the children’s museum
in Chattanooga on the day before we were due in New Orleans. Jude and Lowell were
invaluable colleagues there as well, helping me work through the particularities and
intricacies of the exhibit and providing photographic documentation assistance.
Creative Discovery Museum. Chattanooga. TN
Most usefully, Jude also did a series of brief informal audiotaped interviews
which I later transcribed, during which he chatted with approximately a dozen different
family groups to get a flavor of whom they were, whether they were local or from out of
town (most proved to be in the latter category), and most especially their assessments
(uniformly extremely enthusiastic) of RiverPlay [sic], the water exhibit we were there to
research. His focus was on the adults’ impressions of what was particularly interesting
to their children in the exhibit, what specific learning they thought was going on, and
whether and how such learning connected to their existing knowledge structures. His
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findings from this corpus of interviews were most relevant; perhaps even more salient
was the way this process brought Jude into the research effort and the project in general:
4

from that point forward, he was an active and engaged interested stakeholder, thus
serving not only as an exemplary sounding board but providing input in areas of
logistics, building envelope modifications, and fabrication issues. His competencies as
a sculptor, designer, licensed contractor and businessperson made him an ideal outside
consultant; I found his input invaluable throughout the remainder of the project.
The insights gleaned from this visit likewise inspired me throughout the rest of
thq ATCE project, by providing me with an exemplar creation, a benchmark against
which I found myself comparing subsequent findings as well as direct project
development and design incursions as well. I will now sketch the most important
understandings which RiverPlay engendered for me and, soon after, for the entire CMH
planning team.
This learning laboratory at Chattanooga’s Creative Discovery Museum (Figure
13) remains a high water mark, so to speak, of all the water exhibits I have seen,
photographed, and at which I have interviewed visitors and staff; thus, I acknowledge
that this accolade-rich piece constitutes an encomium of sorts. The exhibit is
extraordinarily rich across a number of important dimensions. The new (2004) flagship
exhibit of the museum, it anchors the most distinct, architecturally impressive focus
area of the building, and is the first major exhibit to be encountered once visitors leave
the front desk. Falk and Dierking (2000, p. 114) point out, “The visitor walks through
the front door and into the building. What do they see? What do they think? Most
visitors, particularly first-time visitors, do not begin by looking at signage and maps;
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they look at the space.” In the case of RiverPlay, that space is luminous, inviting, and
intriguing (Figure 14). The exhibit configuration is complex without appearing
daunting, because it is adroitly situated in the museum space, is approached through a
welcoming, appropriately-scaled foyer, and starts low to the floor in the introductory
toddler section, only gradually becoming taller as it recedes into the distance. Another
lensing of this issue of legibility, and an even more elaborated theoretical treatment of
requisite elements to be incorporated into the designed environment, is outlined in The
experience of place, a work which provided global influence for me in my thinking
about this particular exhibit as well as about exhibits more generally and the children’s
museum contexts in which they are embedded.
Drs. Stephen and Rachel Kaplan, a husband-and-wife team of research
psychologists at the University of Michigan, think that we may have an inborn
preference for winding paths, which provide what they call “mystery.” The
Kaplans think that we also may have an innate preference for open spaces,
which provide what they call “legibility.” “Legibility ... is characteristic of an
environment that looks as if one could explore extensively without getting lost.
Environments high in legibility are those that look as if they would be easy to
make sense of as one wandered farther and farther into them. Enough openness
to see where one is going, as well as distinctive enough elements to serve as
landmarks, are important here.” (Hiss, 1990, pp. 40-41)
Hiss also points out that “ . .. the organization of space organizes people’s experiences
and much of their behavior—including, startlingly, whether they feel that they are
allowed to interact with one another and with their surroundings . .. “ (ibid, p. 90).
The lucid organization of this space at the point of entry into the Creative Discovery
Museum’s exhibits zone clearly provides tacitly as well as explicitly interpretable cues
that people of all ages may here interact both with one another and with the totality of
their surroundings. The entire deployment of structures is so executed as to form an
instantiation of a number of winding paths, each legible in its own right as well as in the
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Figure 13. Creative Discovery Museum, Chattanooga TN

Figure 14. RiverPlay exhibit entrance
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way each integrates with the overall layout, so that allusive mystery is evocative and
inviting rather than being daunting, impenetrable, or cause for concern. “Transparent
architecture and engineering systems are ideal in a learning setting because they can
engage students’ imaginations and spur learning about buildings as 3-dimensional
textbooks” (Nair & Fielding, 2005, p. 80).
Placement of the toddler zone at the very beginning of the exhibit serves to label
the space iconically as a child-friendly environment, and all subsequent investigation
areas therein are designed to support that interpretation. In spite of its complexity—
there are many dozens of separate activities which can be sampled—the configuration is
readily perceived in its gestalt, again due to its placement, sinuously taking up the
totality of a vaulted, glass-walled exhibit hall fronting the street. The plan allows plenty
of room for visitor circulation around the curvilinear perimeter while still reading as
comprehensible and manageable. Even the tiniest children seemed to quickly and
readily accommodate themselves to the space and begin assessing with curiosity the
activities available therein rather than needing extended transitioning time. This
suggests that the overall arrangement is optimally novel (cf. also Ch. 2, Constructivism
revisited section and endnote 3). Again citing Falk and Dierking,
Directly related to curiosity is novelty. Novelty is how we describe
unfamiliar environments, events, or objects; curiosity is how we respond to
them. Beginning in the 1970s, Falk and his colleagues began studying the
impact of environmental novelty on learning in out-of-school settings. They
discovered that novel settings dramatically influenced learning. When settings
were extremely novel, learning was depressed. Learning was also depressed in
extremely familiar (i.e., boring) settings. However, if an optimum amount of
novelty was introduced, learning was enhanced. These basic findings have been
replicated by a range of investigators in a wide variety of other museum settings.
(2000, p. 115, citations deleted)
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They continue, “Moderately novel settings are stimulating and exciting, and therefore
fun. . . . learning in a moderately novel environment is maximally satisfying” (p. 116);
elsewhere they frame the duality rather poetically, “

an experience heightened by

newness rather than blunted by strangeness” (Falk & Dierking, 2000, p. 146). This core
understanding, and thus its implicit goal of the rendering of optimally novel, maximally
satisfying exhibitry, became a pivotal point for inclusion by the CMH team.
Let me more fully unpack that initial or introductory component to the space
(Figure 15). During my visit there, I observed a number of children barely beyond the
cruiser phase, hardly yet able to walk independently, navigating this component with
aplomb. It can scarcely be said to be a standard sort of play object, so they weren’t
simply comfortable due to contextual familiarity; like the rest of the (somewhat largerscaled) exhibitry, this element is fabricated primarily of stainless steel, with some grey,
rather rough textured artificial rock formations punctuating the industrial sheen with
craggy relief. (In this unit, that ersatz rock happens to wrap around a structural
column). Thus, we may logically extrapolate that the designers have managed to make
a potentially extremely novel setting sufficiently user-friendly as to read as merely
appropriately, that is, moderately novel.
Again as in the rest of RiverPlay, the height of the stream table’s perimeter walls
and, correspondingly, of the table surfaces within, varies somewhat along the length,
here even more imperceptibly than in the areas scaled for larger people. While
diminutive in overall dimensions, the setup is resplendent with possibilities or
affordances, some built in, others derived from the many plastic containers, water toys
and related devices set or floating in the shallow water. The rock mountain serves as
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the spring source for the system; from there, it riffles across a rainbow-hued series of
linear bumps, the net result of which is a schematicized sort of toddler’s rapids. This
device has precedent in historic fountain design, being “ ... a sloped water chute, called
a chadar, which had a textured, fretted surface to break the water flow into a more
turbulent, foaming pattern” (Campbell, 1982, p. 19). This channel then flattens out and
opens up into the main circular pool, which is punctuated by a single laminar dome, the
radiating flow of which, in tandem with the incoming ripples from the channel, keeps
the water in an interesting state of motion. This smooth spray can also be reached into,
felt, manipulated, experimented with—in short, it serves as an ideal pedagogical device,
highly child-engaging yet structurally child-resistant.
The circular form of the toddler pool is repeated, in a higher stainless steel
cylinder, at what amounts to being the entrance to the area designed to engage and
intrigue older children—and their caregivers to at least the same degree of involvement,
if my observations there are at all generalizable to other days with different visitors. In
this case, however, the pool is designed to immediately attract and invite participation at
a rather more mechanically-mediated level. The curve of the tank is reversed and
replicated to form the elegant outline of an almond-shaped horizontal platform set just
below the beaded lip of the pool. This structure supports a curving phalanx of seven
closely-spaced, knob-capped vertical levers (Figure 16). Pulling back on one of these
causes a plume of water to spout from a corresponding vertical outlet in a parallel
freestanding stainless pipe cantilevered in front of the lever array. More pressure
exerted against the lever—in tacit and tactile employ of the corresponding principle of
leverage—causes the spume to geyser higher. While I did not observe this being
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Figure 15. Toddler zone

Figure 16. Lever-operable spray units
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attempted, the arrangement has the potential to provoke children’s efforts to orchestrate
various choreographed patterns in the vertical curtain of motile liquid that results from
all the levers being operated simultaneously. Pulsing waves of alternating heights,
staggered rhythms of columnar arrangements, and experiments with regular versus
erratic relationships of both heights and speed of change come to mind as apt potential
situationally-engendered introductions and investigations of variables by visitors.
There is no signage to guide operation of these units; they are simply there, and
the inviting, robustly scaled and industrial appearing facticity of their presence is
assumed—quite correctly—to be sufficiently evocative and operationally suggestive to
provide all the invitation necessary to engage children’s initial experimentation.
This user-variable fountain is flanked by two additional lever-and-nozzle
stations, each of which when activated shoots a powerful jet of water across the table
(Figure 17). In addition to their jutting steel outlets, these two elements differ visually
and operationally from the seven-element arrangement through the secondary
affordance of causing a linked sequence of effects. The nearly horizontal arcing jet
from each nozzle is carefully aimed at a vertically mounted waterwheel set at the
midpoint of the table. This is but one of many secondary-outcome and signage-clarified
instances of orchestrated, non-trivial learning embedded within the environment. If a
child at one of these two stations pushes the lever and gets the red target wheel
spinning, a number of whigmaleeries mounted to a shaft extending the waterwheel’s
axle six feet above the table will spin in correspondence. If two children, working in
tandem from both stations on opposite sides of the table, begin—whether
serendipitously or planfully—simultaneously to hit the waterwheel with paired streams
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of complementing forces, the wheel will spin progressively faster, as, consequently, will
the overhead array of vanes. The signage coupled with this action set, combining clear
i

text with simple graphics (for pre-literate, early-literacy, or reading-challenged visitors),
will cue system users, but is in no way requisite to the process of figuring out what
these engaging mechanisms can be made to do, or are in fact intended to do. Such
variety in opportunity as to paths of entree to similar outcomes is a benchmark targeted
by all the best designers in the children’s museum field; it is endemic throughout
Chattanooga’s RiverPlay.
It should be noted that all these levers, in spite of their highly (and potentially
dauntingly so) mechanistic readout, are readily operable by children as young as two
(albeit with some expenditure of effort), yet are compellingly engaging for much older
children, teenagers, and at least a fair sample of adults. Equally important to the design
team, they are sturdy and virtually maintenance-free. In the hour-long, walk-aboutformat interview I conducted with Paul Rivera, Director of Exhibits and Building
Maintenance at the Creative Discovery Museum, I found—among many interesting,
useful pieces of information gleaned during that conversation about the exhibit, the
museum, and the city—that only one of these valving controls has failed in over a year
of operation, and that that was the only mechanical component in the entire exhibit to
do so. Rivera’s humorous but meaningful aside, “Our motto: make it tank-proof, and
then reinforce it” provided telling commentary on the mandates for overbuilding in such
hydromechanically-vulnerable contexts.10 I also learned from Paul that the designers
had opted to only specify mechanical components available through McMaster-Carr, a
major industrial supply house with distribution centers nationwide, known for high
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quality product lines and rapid, expedited service. The CMH design team subsequently
decided to follow that protocol, since it is the best solution known to the field for
ensuring that replacement parts will be available on an as-needed basis for a decade-out
time span at minimum.
Moving up the channel, the next experiential set encountered is the damming
matrix, a grid configuration comprised of fixed slotted cylinders set at the grid
interstices, facing pairs of which accept variously-colored acrylic panels slipped
between them (Figure 18). The system allows children to set up a very large number of
combinations of alternate waterways across virtually the full width of the channel; these
are not totally watertight, of course, but do serve to contain volumes of water very
nearly to the height of the panel, perfectly adequate for the task at hand. The simplicity
of the system—binary elements, either open or closed, with only right-angle blockings
possible—makes it readily comprehensible even to very young participants. However,
the extensive expanse it covers affords the possibility of multiple arrays, thus
suggesting rule-bound games for more advanced players (What’s the greatest number of
single square modules which can be interconnected in a single unbroken line? Can two
or more separate but interfitting channels be made which will run the length of the
matrix? What will a zigzag dam do to the water flow?)
There has even been thought given to the possible problem of a particularly
determined child or group (demonstrating distributed cognition and attention to task)
managing to successfully dam the entire channel. Theoretically, that’s not an available
option, since the matrix is inset irregularly within its bounding walls—they are
curvilinear in relation to its straight lines, thus don’t accept the panels along the
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Figure 17. Whirligigs and associated signage

Figure 18. Omni-variable damming matrix
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perimeters—but as anyone who has worked for any length of time in a children’s
museum will attest, adult-anticipated available options by no means define the limits of
children’s ingenuity. Considerable informal research, rather ruefully toned, has been
disseminated within the ACM learning community addressing this topic of the
unexpected outcome. The trumping detail in this instance, however, is that the
damming system is lower than the overall channel; even if the full span were to be
successfully blocked, the water would still pour over the top of the dam hence
remaining within the primary container rather than flooding the exhibit floor proper.
Another of the single-activity, direct-action stations, comparable to the panelbased dam system in that direct manipulation of components is the way in which the
arrangement is used, is the set of locks. This station, too, can be accessed readily from
either side of the stream table; it is the narrowest section of the entire apparatus
(logically enough, given its function), less than two feet wide. It also is the most
overtly graduated in heights along relatively brief increments of its length, with each
change in height corresponding to a set of locks, allowing visitors to move boats,
sequentially and incrementally, to different levels by operating the locks. These multi¬
material elements are extremely industrial in method of fabrication and correspondingly
in look, bolt-reinforced in very small intervals. This provides a satisfyingly real-world
quality to the configuration; more to the point, it is structurally robust, necessary for
elements that are in literally almost constant use and that have multiple motions (hinged
to open and close for boat access, with central and base gasketing to afford watertight
sealing; vertical slide equipped, for fine-grained control of water flow).
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The simple setup belies the conceptual complexity of the construct: even with a
corresponding sign (the least helpful such sign in the exhibit, unfortunately; in general,
as noted, RiverPlay’s signage is exemplary, and will be discussed in detail later), it is
opaque in function to many visitors. Even older children and some adults were
observed glancing at it but moving on without interacting with it at all. While this
could have indicated lack of interest, my assessment is that it showed puzzlement, a
sense of systemic opacity, instead.11 In the observed instances when visitors either
knew the workings of locks or took the time to manipulate them until understanding
dawned, the encounters were rich and multivalent. More than at any other piece of the
exhibit, this equipment seemed to invite extensive iterations of Vygotskian scaffolding.
I observed caregivers of various ages and relationships to investigating children spend
as long as twenty minutes manipulating the pieces of the system in tandem with the
children, typically keeping up an ongoing commentary about the process (Figure 19).
This was a very coarse-grained analysis, however. It would require much more in12

depth research to ascertain the overall efficacy of the presentation of data . Still, as a
reflective practitioner, I find such small group extended interactions valuable in and of
themselves, as uncontrived moments for authentically contextual, meaningful dialogue.
Communicating a clear scientific comprehension as well simply adds yet another
dimension of positive outcome to the exchange.
Falk and Dierking analyze such interactions at length. One such analysis
follows.
Because much of the social interaction observed within the museum is
conversation, analyzing family conversations has been the focus for many
researchers interested in family learning in these settings. This is in keeping
with sociocultural approaches that emphasize the role of Conversational
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Elaboration, that is, talk occurring during and after a museum visit that
demonstrates how meaning, experiences and interpretation develop and are
intertwined. Conversation is a primary activity of knowledge construction. The
research suggests that families with children interact, converse, and provide
information to one another in recognizable, patterned ways that are repeated
throughout the visit. In fact, the entire visit can be characterized as one single,
large-group conversation, even though, as families move through exhibitions,
they engage in numerous small conversations that are constantly beginning and
ending. (2000, p. 93)
In the remainder of these observations and interpretations of RiverPlay exhibit
elements and their affordances and implications, I will focus on a second-tier
consideration of structure and function. The rest of the components of this watercentered learning laboratory are, I realized upon reflection, operational at a different
level of visitor involvement than are those assessed thus far. I have termed these
elements encountered across the introductory winding paths of the configuration directaction, to distinguish them from the rest of RiverPlay’s components. All the other
elements to be described, now, whether single or multiple-activity stations, are
predicated on indirect actions; that is, they require moving ropes, belts, valve wheels or
other similar mediating devices to set their particular operations in motion, rather than
doing so by directly manipulating the actual structure or a subcomponent thereof. Such
action-at-a-distance is more challenging, both cognitively and motorically, for children
in particular to manage effectively or efficiently. On the other hand, it may be
correspondingly more provocative and evocative; the level of dexterity required to
successfully manipulate any number of such multivalent stations at Chattanooga did not
on my view noticeably impact the efforts of even the youngest children to at least
attempt mastery of the apparatus. I had not parsed this aspect of distinctive dichotomy
of requisite agency in the layout of the space—in effect, a sequence of increasing
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complexity—when we were at the museum, so I didn’t get to inquire as to the
deliberateness of planning to arrange it as an enterprise set of graduated challenge.
4

I will now discuss the structure and function of the most relevant of these
indirect-action setups. As noted, some of these are single function stations; the
drawbridge is perhaps the most noteworthy of these (Figure 20). In spite of that unitary
attribute, it has substance, presence, a readout both sculptural and evocative of
engineering technology. It is rather overscaled for the setting, dwarfing the channel it
crosses, which is part of its appeal: it’s so massive, so impressively obdurate. In
contradistinction to that impression, however, it is surprisingly easy to operate. It
requires effort, but child-scaled expenditures thereof, to pull on the (automobile-enginetype) belts whose operation raises and lowers the lift bridge sections. This choice of
powering device is atypical for children’s museum contexts; of the nearly fifty such
venues I’ve had the opportunity to visit, this is the first such arrangement I’ve
encountered. However, it is extraordinarily apt for the task it serves, perfectly safe (no
sharp edges, no joints to catch fingers, jewelry, or clothing), and it is unobtrusive yet
referential, affording a perfect opportunity for Vygotskian elaboration of function from
this one to the more usual one: one would hope that a look under the hood of the family
car would be a follow-up activity to extend learning about power transfer that happened
during the museum visit.
This unit also provided ideal grist for consideration by the planning team at the
Children’s Museum at Holyoke of ways in which the appearance of an exhibit can,
when carefully and ingeniously designed, also make life easier for the museum staff
across the service life of that exhibit. Close examination of the structural detailing
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Figure 19. Multi-generational family learning together at the locks
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involved in achieving the elegant appearance of the drawbridge reveals that it is based
on standard mechanical engineering: nuts and bolts, universal joints, angle stock, cable
crimps and the like. Even the impeccably-rendered safety housings for the pulley
mechanisms are straightforward in the way they can be accessed, whether to tighten a
loosened pulley on its shaft or to change a belt, although I hardly think the latter will be
necessary given the nature of use in relation to structural capability. Thus it is that the
clear and parsimonious design also ensures ease of maintenance. When it is not an
unduly difficult task to keep an exhibit in top condition, that tends to be the case; it is
only in those unfortunate instances (almost always predicated on faulty design issues)
when requisite standard upgrades are major challenges that they tend to get postponed,
thus typically allowing small problems to escalate to become much larger ones before
they finally get addressed—or the staff simply gives up and, in terminal frustration,
removes the problem exhibit from the floor, often permanently.
The other indirect-action, single activity station for consideration here is the boat
launch (Figure 21). Unprepossessing in appearance and rather delicate in operation, this
component seemed during my time observing to be rather under-utilized. It is
nonetheless exquisitely tuned and fulfills its single operation expeditiously and silently
(perhaps if it was louder during its action cycle it might attract more attention—not that
that would necessarily be a legitimate tradeoff). Working the boat launch simply entails
the operating of two pulley arrangements, one rope-based, the other belt-driven. These
can be turned individually or simultaneously; of course, while the latter solution
provides a more fluid, seamless integration of function, it also mandates a higher order
of coordination, whether in the actions of a single operator or between those of two
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agents. This is but one of many such points of invitation at Chattanooga, interactivityprompting venues at which two or more visitors (proximity in space and time is the
central issue at these points; whether or not the co-operators are known to one another is
not particularly salient) can work together to attempt to get a jointly agreed upon (tacitly
or explicitly) action or set of actions or sequence of actions to happen as intended (or to
enjoy or be tantalizingly frustrated by the failure of that intended outcome). The
principles of this piece are simple: one pulley raises or lowers the suspended perforated
metal cradle which holds the boat; the other moves the cradle apparatus on a piston
along a rod a few feet above the waterway. Coordinating these actions affords the
opportunity to launch the boat, or, alternately, to bring it from water to land. Once
again, the distancing of a simple action makes it compelling. Putting a toy boat in the
water and taking it back out is riveting activity generally only for toddlers. As soon,
however, as that action is, as here, performed at a distance, by means of extensions, the
number of people who may be thus deeply engaged increases exponentially. “An adult
considers constant repetition boring, because it requires reliving the same experience
over and again. But to preschoolers repetition isn’t boring, because each time they (see
or do) something they are experiencing it in a completely different way” (Gladwell,
2000, p. 125).
Discussion centering upon this section of my observations’ draft generated two
salient considerations, neither of which had been touched on previously. First, we
spoke at length about the challenge of privileging that sort of didactic repetition.
Second, we came to recognize that we needed to incorporate ways by which to
consistently support and reaffirm children’s capacity for (accurate) prediction (e.g..
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What’s going to happen now? What might happen next? What might happen if you do
thus and so?). Subset questions this raised for us were in terms of possible solutions
4

(How do we actualize this? Signs? Video clips? Graphics and symbols? Giant
sculptural question marks?). I should mention that, at the point in time when this is
being written, i.e., with the first and major phase of the exhibit up and running for a
year, these questions are still on the drawing board and as yet unaddressed; Chapter 5
will consider such issues in detail.
I would like now to move on to examine the principal exemplar of the multipleactivity, indirect-action components in the RiverPlay exhibition, a whimsical
constellation of interconnected action potentials (Figure 22). While not a concept
unique to Chattanooga (Indianapolis and Cincinnati have similar constructions), it is
particularly effective in its layout and has the attribute of action reward built in, in the
form of a fanciful whirligig strategically placed to be spun when the team effort results
in successful aiming and dumping of the target bucket. As with the boat launch, this
requires manipulation of two separate rope and pulley arrangements. However, since
one raises and lowers the bucket into or well above the stream table, and the other
changes its angle, tipping it to either fill it or dump it, and also since some considerable
weight is involved (roughly ten pounds of water, plus equipment), this is
logarithmically more difficult to manage alone.
The sign accompanying the equipment, with the heading, “Two tilt better than
one,” cues the apt solution in appropriately open-ended fashion, suggesting, “Pull with
help from a friend, and wrangle your rope just right to tilt the bucket to make a
waterfall.” The most overtly gross-motoric activity station in the exhibition hall, this
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Figure 21. Lowell Battles demonstrating the operation of the boat launch

Figure 22. Multiple-affordance activity station
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somewhat Rube Goldberg-esque array of equipment serves as the active focal point of a
large pool area bumped out from the meandering stream table proper. It is structurally
«

referential to a swiveling pan nearby, having a similar construction in its whirligigtarget basin. As indicated on the sign (Figure 23), the latter ingeniously-contrived red
unit has three different directed affordances (the water from its spillway can be shunted
either to turn another whirlgig, fill a tipping bucket, or run down a zigzag elevated
channel to pour over a large clear acrylic dome to which children can gain access by a
crawling through a tunnel under the water table). Parenthetically, it can also afford the
random: by being turned in but a slightly different direction, it can be made simply to
splash a little waterfall into the stream table, a perfectly appropriate if somewhat less
mechanistically causal result. Phrased differently, the device can provide a child with
opportunities to exercise agency in palpably different ways.
In direct proximity to the buckets and pans constellation, also, is a crankoperated water escalator, an angled conveyance that moves water to the second-floor
level of the exhibit by a series of small bins moving along the conveyor belt (Figure
24). Equipped with a crank on either side, the escalator can be operated by one or two
children. The arrangement allows for implicit comparison of effort required, since it is
demonstrably easier to move with both rather than only one crank being operated. The
moving water raised by this effortful configuration activates in turn a number of small
spinning contrivances some 10’ overhead, to engage anyone noting systemic continuity,
before pouring back down to the stream below through a series of pipes, funnels, and
ducts.
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Figure 23. Signage suggestive of a range of available play opportunities

Figure 24. Crank-operable water escalator
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In a manner similar to that of Lynchburg, to be considered next, Chattanooga
exhibit designers have enriched the play potential of the primary water manipulation
part of the exhibition by adding a boat nearby, to engage the modalities activated by
dramatic play (Figure 25). RiverPlay’s boat is much more schematic, and adult-scaled
in most details, although the ship’s wheel and instrument panels are placed at child
height, with a nearby mirror so they can admire their nautical actions directly. The
prow is simply a large shaped bench, and the windows at the front of the cabin are too
high for children to see through, but afford convenient adult oversight. Clearly, this is a
detail devolving from a skilled architect or designer wishing to maintain the River
theme in an adjoining space that actually had to serve a separate—and very different—
function, that of a passageway to a stairwell. It manages to serve both purposes nicely:
the cabin is wide and detailed enough to provide children a sense of being in a
thematically-inflected space while also providing an efficiently expansive pedestrian
way.
Two details, one an observation, one framed more as a suggestion, seem
appropriate to comment on at this juncture. First, the marvelous physical fluidity of the
overall plan of the exhibit is all the more impressive given that it all had to be worked in
around a matrix of columns supporting the second level climbing structure which winds
above much of the stream table and beyond. Portions of the stainless steel pools
literally have columns embedded within them, while as mentioned the simulated
mountain of the tot area wraps around another one. Second, since so many of the pieces
of equipment or apparatus work by virtue of gears or pulleys, all of which have been
enclosed for safety reasons, I would have liked to see a small ancillary display making
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those workings transparent to any visitors who might be curious as to what makes those
ropes or belts actually power the actions they engender.
The final brief consideration about the Chattanooga Creative Discovery
Museum’s water exhibit concerns the explanatory signage within the exhibit proper,
already referred to in passing. I found this area of communication to be commensurate
in quality with the rest of the presentation, which is to say lucid, crisp, engaging, selfcontained, and developmentally appropriate. These signs have only two shapes, either
circular or rectilinearly oval, and are modest in scale, effective in being unmistakable
without being obtrusive (Figure 26). The legibility has been carefully considered, as
has wording of text. A looping wave shape separates the light blue background of the
smaller heading area from the darker blue ground of the text/graphic panel below.
Headings and graphics are in a deep yellow color, heading letters bordered in blue,
graphics outlined or accented with the white of the text. Each heading, such as
“CHANGE THE PANELS, CHANGE THE CHANNELS!,” is brief, logical and
engaging in wording, and punctuated with an exclamation point for emphasis. Each is
aptly constrained to the issue at hand, sometimes being prescriptive, sometimes only
descriptive.
Text is either a single sentence or two, the first explanatory, the second framed
as a question, the answer to which may be inferred from engaging with or carefully
observing the structures or actions of the component under consideration. Again,
wording is carefully chosen, accurate and clear, although sometimes encoding
assumptions about children’s level of understanding that may be highly optimistic. An
instance of the latter is, “You don’t need a key to open this lock and let the water rush
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Figure 25. Dramatic play boat
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Figure 26. Example of simple yet data-rich signage

300

through.” While the phrase, “let the water rush through” is evocative or allusive,
possibly being a broad enough hint at the function of the mechanism, the sentence still
holds the assumption that the reader knows what a lock is in this context. Also, the
subtle pun (key and lock relationship) is only engaging for a developmentally advanced
child, concrete operational at very least (cf. Hetherington, Parke, Gauvain, & Locke,
2006, esp. pp. 339-340); otherwise, the linguistic device, intended to clarify, may
instead serve to confuse, or simply be ignored.
Like the rest of the signage, the graphic component which graces each panel and
supports the text, or stands alone as a visual cue for beginning readers, is direct and
carefully rendered. Arrows help to clarify directionality or suggest a sequence of
action, and the choice of graphic format (plan, elevation, or highly schematicized
rendering) seems in each instance an appropriate one. Overall, the signs provide helpful
iconography; both their conceptual and perceptual characteristics are exemplary.
In the best action research tradition, the initial drafts of each of these sections
was passed on to Marie shortly after each visit cycle was complete, for copying and
distribution to the other members of the planning team. When the lead designer was
brought in to the project, I emailed him copies of the full set, as well; he also, of course,
had access to the full set of CD-ROMs with all photographic documentation that I did.
Rightmire Children’s Museum of Lynchburg, VA
On the James [River], the water exhibit at Amazement Square, the Rightmire
13

...

Children’s Museum of Lynchburg , Virginia, opened in January 2004. The value of an
action research approach to data accumulation and interpretation is exemplified in the
entirely serendipitous way in which I learned of its existence and its applicability to the
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Holyoke project, and my immediate decision to visit the museum a few days later. The
new water exhibit was mentioned in passing by Shawne Farmer, Director of Education
and Exhibits at Amazement Square, at a session she co-presented at the ACM
conference in New Orleans. I discussed it with her after the session, and her
information about the five-month-old exhibit made it very clear that I had to see it.
In keeping with the approach of following up on potentially useful leads as quickly as
possible (cf. Schon, 1982, especially his commentaries on ‘unintended consequences’
and the evolving context of planning; also cf. Weiss, 1994, in particular his ‘sampling
of convenience’ passages), I rerouted our return trip to Massachusetts to include a stop
in Lynchburg, an opportunistic choice that proved to be of significant value to the
project. In revisiting this decision, I now consider it to have been procedurally pivotal
in the outcome of the ATCE project. The methodological flexibility which it
exemplified, coupled with the very high level of utility which the resultant research
teased out, became emblematic to me and to my planning colleagues. It came to stand
for the potency of trust in the reflection-in-action process writ large, in acceptance of
the viability of situationally inspired decision-making. It seemed, in short, emblematic
of that sort of privileging of the moment which Schon (ibid, p. 182) termed, “ .. . a
crucially important step, one often attributed to ‘creativity’ or ‘intuition.’”
In short, I found the presentation of On the James to be elegantly finished,
topically focused on a regional place-based theme, and replete with a number of
interactive components which provoked considerable forward motion of ACTE's
planning (Figure 27). Perhaps the most unusual element in the area is the rainmaker, an
overhead constellation of holding tanks, pumps, and plumbing neatly encapsulated
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within a rectilinear space frame (Figure 28). This system is punctuate in operation; that
is, there is a requisite time lag during which water accumulates in the holding tanks,
pumped gradually to those overhead containers from catchment units under the table
proper. Once the tanks are full, staff activates the gravity-fed apparatus by pushing a
large button (Figure 29), and the elevated sprinkler system produces a downpour over a
section of the water table.
As is the case with several of the other model venues I visited, Lynchburg has
opted to make the topography of the area in which the museum is embedded the basis
for its exhibit (Cincinnati and Indianapolis also use this device; such triangulation
indicates that it seems to be becoming sufficiently commonplace as to merit being
termed a pedagogical convention in the field). The James River watershed has been
replicated to scale, and even a portion of the city has been modeled (and is the target of
much of the previously-mentioned artificial precipitation). This thematic approach has
educative clarity—it transparently lends itself to parent or teacher efforts at engaging
children in place-based thinking—but presents some rather awkward constraints on the
overall layout of the space.
Essentially, since the James River is relatively straight in the area modeled, the
exhibit based on its geography is consequently linear, with little directional change.
This generates a single spine to the arrangement, which is thus visually clear (the gestalt
of the space and its contents is readily evident, at least to taller visitors) but
kinesthetically opaque (the only ways to get from one side of the table to the other are
either to walk around the entire length or to crawl through one of several [very low]
tunnels running under the system [Figure 30]). I am of the opinion, informed by a
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Figure 27. On the James exhibit overview, Amazement Square CM
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Figure 28. Overhead rainmaker apparatus
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Figure 30. Tunnel beneath On the James water table
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number of years of direct experience as a museum designer, that such circulation
patterns are highly problematic. A caregiver in charge of more than one small child can
easily find herself or himself in the unnerving situation of being able to directly manage
only one child, the other(s) being out of reach if not totally out of sight. While at least
the constant visual monitoring issue could be reasonably well addressed in this sort of
encapsulate area by strategic placement of overhead mirrors of the large, convex type or
of video camera-monitor closed loops, the matter of potentially not having
uninterrupted immediate access to a child in one’s care remains a substantive concern.
I would now like to begin focusing more closely on details of the Lynchburg
model, discussing as I do so the specific attributes of any such detail which seemed to
the CMH planning team to suggest particularly apt elements to consider for adaptation
to our exhibit. There is a single waterwheel in the arrangement, activated when a child
pulls a lever, connected by a series of articulated rods and pivoting devices to a sliding
vertical dam panel that lifts to allow a sudden rush of water to spin the wheel; that
device provides a logical point of departure, in that it provoked the inclusion of a set of
similar units in the final iteration of the Children’s Museum at Holyoke water exhibit
(Figure 31).
The Amazement Square arrangement is beautifully machined, carefully crafted,
and efficient in operation (Figure 32). However, while engaging for visitors of a wide
spectrum of ages, it is perhaps unduly conceptually challenging for the youngest
visitors, in that, while totally open to view and thus investigation, its physics are
somewhat arcane (e.g., there are multiple interconnected devices whose linked actions
move the dam panel, hence putting into play a dynamic series of force/directionality
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Figure 32. Operable dam and waterwheel sluice arrangement detail
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factors, not necessarily intuitively evident as to causal pattern). Also, during our
critique we decided that, while the system provided a lovely way to mockup a mill
1

race14 (one of our initial goals, now fully and richly incorporated into the exhibit [cf.
Intensive analysis of mill races section, Ch. 4], as a mechanism necessary to include in
the exhibit, in that its use was instrumental in Holyoke’s industrial history and thus
appropriate to make clear to children), we needed to develop clearer versions of that
sort of wheel. By making the spinning action have visible results (and, ideally, audible
ones as well—literal bells and whistles, perhaps), along with tactile ones (such as the
flinging of a fine spray from some sort of extensional catapulting device), the concept
of power could be rendered visible and (at least potentially) therefore more readily
comprehensible as a predictable outcome from a particular array of causative devices.
(As it turned out, the solution selected for ATCE incorporates a row of such water
wheels, each of which may be removed for investigation).
An element important to the Lynchburg system (as well as to Chattanooga and
Indianapolis, hence another triangulated reference to a type of didactic apparatus) which
we finally opted not to consider replicating, since no such structures exist in our area, is
that of locks (Figure 33). Their solution, fabricated primarily from thick polymerized
vinyl chloride (PVC) sheet, seemed to us particularly clear, straightforward, and
comprehensible. Unlike the intricate transmission of power configuration of the
waterwheel setup, this is very direct: at each end of the lock, children turn a pair of
knobs, each of which connects directly to one of the two panels of the lock segment.
Consequently, it’s simply binary, either open (even a little bit open precludes the
possibility of water being contained and thus the system starting to fill) or closed.
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affording the level-changing quality of “lockness” that the designers were seeking to
render.
A secondary aspect of the pivoting panels is actually an exceedingly ingenious
engineering solution: the closed position of the dyad occurs when the panels are at a
considerable angle rather than straight across the waterway (Figure 34). This creates a
very tight seal since the force of the water itself keeps pressure against the operative
joint, rather than forcing it apart in the opposite direction as would happen were the
panels to meet in a straight line. Such subtle but self-evident physics can serve
beautifully as a point of departure for concept-scaffolding or consolidation, for a
sensitive and trained teacher or caregiver. My slight criticism is that the hard plastic
spherical knobs prove difficult for younger or motorically challenged visitors to control;
units with extensions, such as those on batwing faucet controls, would better serve the
purpose. Even the valve wheel controls shown in the next image work better, although
still creating significant grasping challenges or perplexities for some users (it is not
necessarily intuitively evident what to do with these units to make them work. Also, I
noticed that, when wet, they are awkwardly shaped for small hands to manipulate
successfully).
Still, this brings to mind a concomitant point, nuanced yet field-relevant, namely
that controls do need some sort of built-in stopgap or damping mechanism. The model
of the piston-based door closer device found in many commercial venues provides lucid
point—without it, the door tends to get slammed. In like fashion, providing the
aforementioned batwing controls might just provide a bit too much ease of operation,
affording the possibility of damage to equipment by virtue of the leverage they
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Figure 33. Children investigating system of locks

Figure 34. Lock system in closed position
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embody15. This sort of detail-focused point, seemingly insignificant, can actually be
critical in determining whether a particular exhibit, or component thereof, is a success
or a failure. An analogue to my comments about design implications in the
Chattanooga analysis above is the point that if a component keeps breaking, it may well
become an unacceptably large budgetary drain and have to be removed from the exhibit
floor, skewing the public’s and management’s view alike of the success of the exhibit as
a whole in which that component was embedded. At the very least, it cues visitors
towards the standpoint that the exhibit is broken; I have found that it is a remarkably
small step from that stance to one interpreting the entire museum as broken.
The sign corresponding to this arrangement of locks (Figure 35) is quite good,
reasonably clear in phrasing and logical in its suggested sequence of actions. Still, a
number of assumptions inhere to its framing, which do not necessarily correspond with
children’s thinking, and which to my mind are worth parsing as exemplars of adult
misconceptions in communication efforts, particularly in instances such as this, where
the intent is highly circumscribed and specific—the goal is to make it easy for a reader
to follow a prescribed set of steps in order to achieve a desired goal.16 However, the
terminology doesn’t necessarily lend itself to the smooth flow of such actions, and
might well provoke miscues rather than scaffolding. Again as noted in the discussion of
Chattanooga’s exhibit, “locks” is not a term that all children will know as it applies in
this context—they may be visualizing a padlock or door lock rather than a water¬
regulating device.
In like fashion, “valves” is a word with a fairly complex meaning; the physics it
points up, while not abstruse, still is based on hidden (“black box”) operations taking
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place inside closed compartments, whether engines or hearts. Based on this
understanding, I offered the suggestion that CMH develop a few detail elements to
literally deconstruct such devices to make their function clear. Finally, the bulleted
sentence, “Raise or lower the water level in the lock, until it matches the level of the
water on the other side,” while accurate, is lexically difficult, predicated as it is on
multiple, and simultaneous, conceptionings; most children, even those of upper
elementary school age will, I fear, struggle with the interpreting of that phrasing. In
Piagetian terminology, such conceptual conjoinings don’t occur until formal operational
levels are attained: “ ... the discovery of a complete system only takes place towards 11
to 12 years, contrary to operations of simple seriation or ordination which are acquired
at about 7 years of age” (Piaget, 1946/1970, p. 96). It is possible that simply indicating
systemic startpoint and endpoint might be sufficiently provocative of experimentation,
given the adjacent intuitively-accessible—and effectively inviting—valve wheels.
Additional directions may well actually impede that desired operational investigation.
Figure 36 shows a number of characteristics of the exhibit worth attending to. It
contains elements which engage children of different ages. Perhaps even more
important, it does so in ways that allow those different-aged children to work
cooperatively to achieve a particular outcome. The lock system being manipulated by
the two boys in this photograph has, as noted above, two separate types of controls; in
fact, there are actually two sets of each type, thus affording the opportunity for four
children to participate in the joint enterprise of getting a boat to move between the two
levels of the river, two children at the top of the system and two more at the bottom.
This is exemplary of such arrangements: it is a virtually universal goal across the
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Figure 35. Sign panel providing cues for operation of locks

Figure 36. Cooperative play between children of different ages at the locks
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children’s museum field to provide platforms for, and indeed to provoke, multiple-child
play, with the long standing socialization-enhancing rationale now augmented by recent
4

and current learning research noting that such distributed cognition tends to result in the
scaffolding of very robust understanding. The National Research Council’s publication
How people learn (Bransford, Brown, & Cocking, 2000) provides an array of
testaments to the utility and efficacy of such multi-learner supportive environments. To
render such opportunity for collective endeavor in seamless fashion, as here—authentic,
appropriate, non-contrived, and in fact efficient in getting the system to operate at a high
degree of function—is no small accomplishment, far more difficult to do than to say.
A subtext of this arrangement, again predicated on the James River topography,
is the stepped-down configuration along the length of the table itself. This is an
example of multi-function design: not only does it point up a salient geological aspect
of the area, namely its changing elevations in topographical relief; it provides multiple
levels of access to the play sphere. The stepstools visible in the photograph are
necessary to allow smaller visitors to get to the water in the higher section of the table.
Such units are always a source of concern, to designers, to caregivers, and to the
children themselves, since the young children who need such assistive devices also tend
to be the least competent to be able to play safely atop a small and potentially slippery
surface (Figure 37). It is a much less distracting situation when the need for such
extensions can be obviated by the configuring of the environment.
A final note concerning this figure: the young woman pictured is a floor
assistant, a staff person charged with the dual role of maintaining safe play practices in
the water area and of explaining the intricacies and opportunities of the exhibit to
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children and caregivers alike. Particularly in the current economic climate of sharply
constrained operating budgets, such staffing is becoming less common field-wide. At
the Children’s Museum of Holyoke, the possibility of hiring in-exhibit explainers on a
regular basis was not an available option. This constraint made all the more compelling
the need to make the exhibit self-regulatory on multiple levels, from safety to contentaccessibility. Still, the placement of At the Canal’s Edge is fortuitous: it is near to, and
in direct sight line of, the staff at the front desk, hence rendering oversight simpler than
it might have been were the spatial layout to have been different.
I would like now to turn my focus to the overhead apparatus, a meticulously
fabricated and carefully finished array of plumbing and supporting matrices. This is an
arrangement that is mechanically ingenious and operationally highly functional, but
which requires rather a high level of cognitive development to grasp in the metaphoric
manner in which it was intended. It is an efficient system by which to create an
artificial rainstorm, so at that level of intentionality it is utterly successful. Also, it is
not precisely a black box; that is, should a visitor be interested, he or she could visually
follow the sequence of plumbing, pumps, and reservoirs in order to understand where
the water comes from and how its mimetic raining happens (although that pattern of
events might have been made more self-evident by the addition of some elementary
signage coupled with overlaid arrows to clarify directionality and sequence).
My criticism of the system is that it suggests a highly mechanistic encapsulation
of a preeminently naturalistic process. The potential for either reinforcing existing
naive conceptions about the water cycle in children examining this apparatus, or indeed
of engendering one or more misconceptions about it, appears to me to be inordinately
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high, particularly given that there is no signage at all to attempt to clarify that intuitively
opaque abstraction. The artiflcialism which Piaget found in so many of the children
4

whom he studied, previously discussed, has here a referentially rich substrate from
which to be elaborated by an imaginative child into egocentrically inflected animistic or
anthropomorphically fabulist interpretations of celestial activity. The cloud forms,
silhouetted in sheet acrylic or three dimensionally rendered in atmospheric cotton, do
little, in my estimation, to ameliorate this dilemma. They simply provide a
foregrounding of diaphanous scrim, so that the child may, by extension, conclude that
behind those real clouds she sees in the actual sky outdoors there exists just such a
panoply of pipes and plumbing (the poetic extension is beyond the scope of this
document: “The gods are rolling their barrels about again,” folk mythos about thunder,
comes to mind). Again, this refers back to our stated goal of avoiding black boxes and
seeking likewise to avoid miscue generating. As elegant, technologically ingenious,
and functionally successful as this component is, it nonetheless presents children with
quite a different set of cues and conditions than I imagine its designers intended.
The townscape, the primary target of the rainmaking apparatus, is effective as an
anchoring device, cueing children to the scale model aspect of the entire exhibit in a
place-based manner (Figure 38). Children, after all, operate at widely, even wildly
different points along a spectrum of sophistication at understanding symbolic
conventions: the concept of functioning with operational efficacy in a scalar version of
a topology is both less typical and more abstract than dealing with scalar buildings. Toy
houses are familiar and comprehensible to most children, thus the mental leap to
grasping the concept of an aggregate of such representations isn’t unduly large. The
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semi-realistic structure also connects nicely to much mapping and modeling work being
done in elementary school classrooms; even kindergarteners typically learn to make
«

maps of their classroom (cf. Sobel, 1998). The specific format chosen for the structure
is less than optimal, in that it’s unremittingly flat, while Lynchburg is actually quite
hilly. Still, it provides a standpoint from which visitors may move, whether literally in
the exhibit space or conceptually in future activities, such as mapping the schoolyard,
modeling a new building the child designed, or comparing topographical maps at
various scales to glean a deeper comprehension of the utility of such devices, the
schematic way in which they encode multiple, embedded contexts.
Amazement Squares’s signage for On the James is crisp, unobtrusive,
contextually sensitive, and phrased in a direct, descriptive manner (Figure 39). Still, as
this example (Figure 40) shows, it is not always perfectly comprehensible,
demonstrative of the difficulty in writing lucid (yet still ludic) labels. The notion of
explaining the interestingly odd phenomenon of an eddy that happens in the stream
table is logical and apt—connecting advanced vocabulary to an observable action is a
sensible conjoining. However, the construal of circling back seems to contradict the
sense of downstream, at least to me. Legibility and intelligibility are not necessarily
commensurate.
The full-scale wooden boat set off in an alcove adjacent to the water table sets
the stage for dramatic play centered upon nautical themes (Figure 41). The craft is quite
accessible for differently-abled children, with a long, shallow-rise ramp for wheelchairs
and only a very narrow band of pretend water to have to traverse in order to cross from
land to vessel. Still, that transfer is not fully straightforward due to a
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Figure 40. An explanatory panel that may be confusing to young readers
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structural device that significantly enhances the quality of realism this arrangement
provides: the boat is spring-mounted, so it mimics the motion of a water-borne unit, the
«

more actively so the more its riders bounce about. Its accessibility for toddlers, elderly
caregivers, or physically challenged children is thus moderately compromised. The fact
that this is a real batea, wide and shallow like many of the traditional ones plying the
James River, and with structural ribs exposed, engenders play by direct reference. The
experience is made more contextually vivid, place-based, by the long painterly
landscape mural paralleling its length, and can be made even more immersive when
nautical video footage is projected on the wall-size screen in front of the boat (Figure
42).
The little hand-carved boats visible in Figure 43 are examples of three different
sets, each differently scaled, of such boats available (in appropriately large numbers) for
children’s use. Their beautifully crafted character and intimate scale makes them
particularly engaging for even very small children, providing an unusually naturalistic
touch. This mention of attention to detail also segues to consideration of two other
aspects of the Lynchburg water exhibit which make it such a fine benchmark. The
integration of multiple materials has been masterfully managed: I found no examples of
flawed interface, no small achievement in a construction of such scale that uses so many
materials interconnected in so many different ways, very few of which are conjoined in
standard construction protocol. Also, the painted three-dimensional landscape,
meticulously and expressively rendered in exquisite detail on the fiberglass topography,
lends both a realistic quality to the overall creation and provides a wonderfully artistic
interweaving motif, a thematic cueing device that is at once subtle and unmistakable
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Figure 41. Realistic boat for dramatic play

Figure 42.. Context-evocative background mural for the boat area

321

Figure 44. Painterly treatment of landscape and streambed
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(Figures 44 and 45). The graphics provided a strong visual support for the decision on
the part of the CMH planners to make murals an integral and significant device in the
finished exhibit layout. Likewise, Lynchburg’s incorporation of simple graphics on the
stream table skirting provided a hint about the utility of such images (cf. Figure 30).
Finally, fit and finish throughout Lynchburg’s creation adhere to equally high
standards, certainly a goal shared by the design team at CMH. Even the integration of
plumbing with framing (Figure 46) is crisp, inconspicuous, safe, and virtually
impregnable (again, to the extent that any artifactual contrivance can be that in the
context of a children’s museum, where even substantially overbuilt constructions may
have remarkably short lives due to the rigors of child investigation methods).
Review and consolidation by critical friends and colleagues
Following the Lynchburg research visit, my critical friends (Jude and Lowell,
the father and son dyad) and I returned to Massachusetts. At this point in time, I took
the opportunity to begin to consolidate the new information I had gleaned, and to speak
with a number of my other critical friends as well as with the members of the core CMH
planning team about this upward spiral of insight and creative inspiration. Theresa
Kamecki, in particular, helped me to review the new image banks a number of times so
as to internalize these evolving perceptual and conceptual viewpoints. An afternoon
spent reviewing and brainstorming with Marie, Kristen, Beth, and Charlie provided a
venue in which to share both data and concepts; my sense of obligation to coherently
convey these relevant elaborations was matched by their focused intent to use it to take
working plans and considerations to a new level of coherence and clarity. I also
codified my filing system of data during this period, with sections for emails, notes of
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Figure 46. Elegant incorporation of plumbing into structural elements
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formal and informal meetings, rough frameworks of advancing thoughts and ideas,
photographic prints, and the like; this was, quite naturally, a major aid for me across the
rest of the project’s span, an heuristic device for refining thinking as much as a concrete
archive of completed or in-process efforts.
A particularly useful portion of this afternoon’s work was a half-hour revisiting
and review of a three-hour dinner conversation that Beth and I had with Paul Orselli one
evening in New Orleans. (While Beth did not accompany me on the road trip, she was
able to attend the conference proper). As mentioned elsewhere, Orselli is a highly
creative, competent, and seasoned professional. He provided us with a dynamic array
of narratives about his own experiences with development of water exhibits, for
instance of one when he was Exhibits Director at the Acton MA Discovery Museum; he
augmented these with a number of salient instances he knew regarding experiences of
other respected colleagues. Again, this sort of utterly fortuitous encounter, planned
entirely on the fly, is an exemplar of AR best practices, opportunistic and timely. Paul’s
expertise, shared generously and with his usual elan and insight, would have cost us a
thousand dollars in consulting fees and travel costs had we had to bring him in to the
planning conversations in a more formalized way at the Children’s Museum at Holyoke.
Instead, we had the pleasure of his company at dinner and gleaned an array of
pointers about appropriate punchlists of criteria for fabrication considerations, caveats
as to material admixtures, and concerns as to such small but potentially critical factors
as ensuring a fully watertight seal around any drains (otherwise, bacterial accumulations
there can result in odor problems in perpetuity, irrespective of levels of cleanliness of
the water).
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Another salient detail we included in final plans was that, both for safety
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and to keep the structure inviolate from unwanted dismantling efforts, all externally
accessible fasteners should be of the recessed head type, preferably of an atypical form
even more arcane than Torx®.
When you produce your accounts, such as your progress and final research
reports, you will make a claim to knowledge, that is, you will say that you know
something now that you didn’t know before. You have learned something new,
both about practice and about your own learning. (McNiff & Whitehead, p. 83)
In our case, the new knowledge encompassed both the specific (“hard”) information
about particular exhibits teased apart in the preceding sections and more global (“soft”)
understanding as to ways to think about such data within the framework of ACTE needs
and goals. As for my own learning as a reflective practitioner, I gained new insight into
the utility, for me, of the hands-on/minds-on methodology I’ve long espoused for my
students. The real-time, real-world circumstances of my action research visits, deeply
informed by interactions with others and continuously, insistently shaped by actual
environments rather than only by discourse about such environs, is palpably powerful
for me: my ability to cognitively manipulate images of such encounters after the fact is
quite high, far more vivid and evocative than were I simply to have investigated the
same topic in more distanced fashion. This conceptual reorganization, then, became an
effective generative device, helping me to brainstorm much more efficiently, creatively,
and spontaneously with my project partners, whether laypersons or professionals, or in
effect, a platform from which to manipulate objects conceptually.
As soon as we formulate a thought in words (or on paper), it becomes an object
for ourselves and for others. As an object, it is the kind of thing we can have
thoughts about. In creating the object, we need have no thoughts about
thoughts—but once it is there, the opportunity immediately exists to attend to it
as an object in its own right. The process of linguistic formulation thus creates
the stable structure to which subsequent thinkings attach. (Clark, 1998, p. 209)
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A major insight gleaned from the trip was learning about the approach to
construction used by Lynchburg’s Amazement Square. This was a decision made by
the Executive Director, Mort Sajadian; while it is atypical for the field (museums at
large, not only children’s museums), it is most interesting, relevant (particularly in this
era of increasing consciousness of environmentally-sound construction practices), and
(in my estimation) compellingly logical. Amazement Square was constructed in toto
using local or regional contractors.
Sajadian opted to forgo the retaining of exhibit fabricators, which is the standard
approach. He determined that his priorities were to support the local and regional
economy as much as possible; to use the work this extensive collection of professionals
did in the creation of the museum as a media vehicle, a way to get exposure in the press
and on radio and television documentary clips about the process even before the
museum opened its doors; and to keep oversight as simple as possible, not only during
the construction phase but—perhaps more importantly—during the first few months
after opening, when the majority of exhibit problems manifest. He felt that it would be
much easier to get someone to come back and take a look at an incipient problem with
an element of the building or of an exhibit if they were only coming across town or
across the state, rather than across the country. I was completely convinced of the logic
of this approach by the excellence of the outcome.
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This sensibility, with its focus on

context as well as content, also converged seamlessly with the team’s expanding facility
at considering values, vision, goals, actions, and outcomes.
I should also mention our gradual incorporation of guiding metaphors (multiple
streams, water droplet as lens, pool as mirror, water as life’s matrix [cf. Ball, 2001])
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into our endeavors. It provided an enriching dimension, an imaginative way to support
equally creative reconsiderations of the topic and its implications; it also served to
inspire a piece of future curriculum (cf. Recommendations for CMH IATCE\ appropriate
programs elaboration section, Chapter 5). Porosity as a literal and metaphoric construct
also assumed a degree of utility equivalent to that of transparency and reflectivity as a
lens through which to view the development and expansiveness of the project. In
contrast to such poetic allusions, Marie in particular reminded the team that the IMLS
outcome-based evaluation (OBE) protocol needed to be kept firmly in mind. That
entity has crafted this definition for the method: “In IMLS usage, an umbrella term that
comprises program, project, or product planning and evaluation based on identified
target audience needs, intended learning results, and formal measurement that
demonstrates the extent to which outcomes desired by partners are achieved” (Institute
for Museum and Library Services, 2005, p. 28).
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We considered this broad-brush

definition sufficiently expansive as to entirely subsume any efforts we could make as to
specifying needs, outcomes, or assessments; rather than being burdensome, such
evaluative mechanisms are useful and appropriate. (Of course this is not surprising;
working backwards, if our institutional directions and mechanisms didn’t meet their
stringent guidelines, IMLS would not have funded the project).
I believe that the above passage also demonstrates that we had, as a community
of practice,
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gotten fully to the requisite point of parity in the recursively looping

process where all research participants have the same status (viz., again, following the
dictum first acknowledged in Chapter 1, “You ask, ‘What am I doing in relation to you?
What am I learning with and from you? What are you learning with and from me?’”
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[McNiff & Whitehead, 2006, p. 85]). Silver’s emphasis on fulfilling the mandates of
the organization funding the project (that is, for the grant application which she had
authored) was fully supported by my fieldwork. I, in turn, was able to provide
otherwise unavailable input on ways to meet our funder’s expectations that were both
entirely acceptable to my colleagues and appropriately aligned with our AR praxis.
One aspect of direct exhibit implementation that began at this point in time and
continued throughout the rest of the project was the mural work. Having seen the
examples of Lynchburg’s backdrop mural as well as its inclusion of graphic data
packets on the stream table skirting, the team was fully convinced of the rightness of
this approach. This was yet another index of the utility of an action research stance,
namely being tactically opportunistic: we had funds available, and a skilled muralist,
who had consulted to the museum on a number of related projects in previous years,
interested in taking on the work, including the training of Junior Volunteers to be
researchers, studio technicians, and neophyte muralists. It was synchronistically apt to
conjoin those vectors and begin to move that component forward. Figure 47 and Figure
48 show examples of these early results.
Another core insight for every member of the professional team was the
realization that there existed many relevant issues and factors, positives and negatives
inhering to the project trajectory that we had never to that point considered. In
particular, conversations about the array of minor but still salient critiques I isolated
about the lovely Lynchburg exhibit focused on this dilemma: who could have
anticipated all those complexities? In a typical review of that environment, none of
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Figure 47. CMH Stairwell mural main panel in process

Figure 48. Railing wall mural detail panel in process
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those flaws would have been evident. Only a close assessment of the total space
isolated them; certainly, they were, whether individually or in aggregate, hardly
daunting problems. Nonetheless, we now began talking more regularly, and deeply,
about how to move into a sufficiently reflective and analytical mindset as to be able to
visualize the potential pitfalls before they were built and thus irreversible. Sessions that
happened after these (and subsequent) field research trips did, as we had anticipated,
clarify many of the items we had been grappling with, especially by giving us
standpoints from which to first visualize, then refine, and finally more clearly articulate
our desired goals.
Planning process epiphanies
What emerged at an even higher point on the upward spiral of investigational
outcome value than the above anxiety about results, however, was the deeper realization
of the enormous range, scope, breadth and depth of potential in this domain of
exhibitry. We said, early on, that we were doing this national search for models
because we didn’t want to reinvent the wheel, so to speak. Little did we grasp,
however, the complexity of that metaphoric wheel, the number of turns it embodies as
far as non-repetitive yet nonetheless clearly linked elements, aspects, looks and feels,
scales and intricacies.
In naturalistic inquiry, there is a sense that the methodology may evolve as it is
implemented in the field, depending on the conditions that greet the researcher
as the study is being implemented. With action research and the assumption of
the research spiral, this premise of an evolving methodology is a virtual given.
While the steps of the action research spiral may remain the same—that is,
iterative cycles of plan-act-observe-reflect—these are broad categories or steps
that will be translated into actions in the field. For example, as a researcher
gains insight into the puzzle being studied, the next step may be to broaden the
scope of the data gathering, something not previously anticipated by the
researcher; this could be a step that now makes sense, derived from the
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researcher’s reflection and understanding from the previous round of data
gathering, analysis, and actions taken. (Herr & Anderson, 2005, p. 76; citation
deleted)
Description of and discussion about my fieldwork in Chattanooga and
Lynchburg served as the anchor of my first full-group encounter with the CMH staff to
begin formalized brainstorming. I used the array of digital photographs I had taken
(nearly 150 images of the two water exhibits) as the point of departure and general
conversation starter. We viewed these on a large television monitor for clarity and
convenience (at the time we didn’t have access to an LCD projector to display them
from my laptop, so they were uploaded directly from my camera). This rich visual
sequence proved an ideal introductory approach, since a few of the staff were not
familiar with water exhibits other than the Body of Water at CMH. We spent several
hours in this first focus group, reviewing the image banks, clarifying descriptions and
interpretations, and finally moving on to the scheduled brainstorming session based on
previous understanding as it had been scaffolded by this new data. The particulars of
this effort, and of a series of extensions thereof, will be treated later in this chapter.
A direct way in which this piece of my work impacted the other team members
was through sharing the transcriptions of the interviews Jude did with families at the
RiverPlay exhibit in Chattanooga, as well as of the one I did with the exhibit specialist
there. I also brought back additional miscellaneous pieces of information for the team
from the New Orleans InterActivity proper; for instance, that was the point of origin of
our learning of the parallels between our enterprise and that of the San Jose Children’s
Discovery Museum (Synthesis section. Chapter 2). We accepted as a
metaprogrammatic cue a core premise I shared, derived from a conference session, “The
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child needs to integrate facts into a creative framework” (personal notes, ACM
conference, May 2004). A crisp summarization of apt global goals also was put into the
conceptual frame of reference through that conference source, distilled from the keynote
speech by Kathy Hirsh-Pasek and Roberta Golinkoff.
•

Are the children we serve engaged in activities that are at their level?

•

Are they engaged in activities that are meaningful and playful?

•

Do their activities connect to their social and emotional concerns?

I also shared a small but salient set of potentially applicable exhibit goals
gleaned from another presentation at this InterActivity:
“Ideas you can touch”—don’t provide answers, provide opportunities. [I would
add, provide ways in which children can thoughtfully, effortfully, ingeniously,
and creatively arrive at or construct answers themselves, through the targeted
scaffolding provided by cueing details built in to the environment]. Don’t
bulletproof or “cage” the exhibits. Provide lots of loose parts (consumables,
recyclables)—they view this approach as integral to their mission. A lucid
example of their committed stance is the fact that they prototyped their entire
building, through the use of totally-variable cardboard walls. Staff of Explora
Science Center and Children’s Museum, Albuquerque, NM (Personal notes,
ACM Member Showcase presentation, New Orleans, LA, 3 May 2004).
Likewise, I handed around a brief passage encoding a big-picture viewpoint.
Museum visitors may at first attend to an exhibit because of curiosity and
interest. But unless the interaction with the exhibit becomes intrinsically
rewarding, visitors’ attention will not focus on it long enough for positive
intellectual or emotional changes to occur. Therefore it is important to consider
what makes an experience rewarding in and of itself, so as to understand what
may motivate a person to look and think about an exhibit for “no good
reason”—that is, in the absence of external rewards. (Csikszentmihalyi, &
Hermanson, 1995, p. 69).
The first cycle of ATCE goals was developed during this introductory loop of
action research, initially as an outcome of CMH professional staff focus groups that I
facilitated, subsequently refined through reflection and revisiting done by the planning
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team. To adhere to my overall organizational format, the particulars of those efforts
will be discussed in the section devoted exclusively to focus group descriptions. I
consider the completion of this phase to be the platform from which the second AR loop
began; the array of options and opportunities which we might appropriately plumb had
become much more vivid, specific, and readily communicated verbally and visually.
Synopsis of first AR loop
As I will do at the end of the narrative of each of the four principal action
research loops which ATCE encompassed, I will now summarize what we did in each
phase of this introductory cycle.
•

Planned the overall sequence of action research, with particular focus on
scheduling my initial series of targeted site visits as well as focus groups.
Concretized and summarized front-end evaluation. Brought Melanie Perlman,
Quincy, MA consultant (Principal, Intersections) on board as exhibit
development specialist.

•

Action was primarily centered on initial cycle of planning meetings, and
clarified by the group visit to the water exhibit at Boston Children’s Museum.
The most comprehensive constellation of actions with subsequent results was
my road trip to gather data, with its related interviews and analyses.

•

Observations were formalized through my photodocumentation and assessment
documents, initially derived from my files (Austin, Houston, St. Louis, Ottawa)
to get the deep conversations started, more fully based on Boston, Chattanooga,
and Lynchburg investigations as these were completed.

334

•

Reflection centered on insights gleaned from these as a baseline, with, then,
gradual, incremental consolidation of our mutually-held interpretations,
assumptions, and expectations. Loosely articulated first iteration of goals,
which proved, as a subtext of our AR practice, to also take on a cyclic character.
Also revisited values, vision, goals, actions, and outcomes as we saw them at
this point.
Baseline of AR loop 2
This action research narrative history has now reached the baseline of the second

Action Research loop, defined by the planning group as our focus on considering and
framing what the exhibit is, based on our gradually elaborating and clarifying collective
vision. I will flesh out this section of Chapter 3 with descriptions of the remaining
venues at which I did my final field research, which then significantly impacted the
critical remaining work of the planning team in codifying that vision. All these
investigations were done on a week-long solo road trip I took, the endpoint of which
was the Indianapolis, Indiana Children’s Museum, the host site for the 2005 ACM
Inter Activity and, marvelously coincidentally, home to three water exhibits in its own
right. I simply mapped the trip around a route taking me through a linear sequence of
other museums with comparable offerings.
Pittsburgh Children’s Museum, Pittsburgh, PA
At the Pittsburgh Children’s Museum, not only the Waterplay exhibit, but also
the entire building in which it is situated, opened in November 2004. The new building
is the cornerstone of a $28 million capital campaign that quadrupled the square footage
of the museum and seamlessly interconnected two existing 19
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Century buildings with

the architecturally innovative new one (Figure 1). I learned that the building is a
manifestation of the institutional philosophy, both of these being predicated on
excellence, intensive innovation, and best practice protocols, with a firm grounding in
aesthetics and a strong appreciation of historic tradition.
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In keeping with the

postmodern character of the overall architecture, the water exhibit exists at the cutting
edge of design, both for its provocative details of appearance and function and for the
sophisticated technology that supports it (Figure 2). While I found Chattanooga’s
model the most integral and richest in activity opportunities as far as built-in
components of all the venues I investigated, Pittsburgh’s water exhibit is the most
conceptually challenging (willfully industrial, elegantly rendered, expansively
employed) and, in part because it is so large, has a more open-ended aspect to it. There
is more room here for child-directed experimentation and investigation than in any of
the other venues considered, more linear feet of unfettered waters-edge access that can
serve to deeply impact children’s sense of agency, not to say fun and exuberance.
Given, however, the much smaller footprint available for ATCE, I had to concentrate
more on the myriad generalizable details than on the spaciousness aspect.
“In every field the qualitative interview is an effort to elicit from respondents
detailed, dense, and coherent reports of external or internal experiences from which
descriptions, inferences, and conclusions can be drawn” (Weiss, 1994, p. 210). That
was certainly the case in this instance, in which the affable and extraordinarily wellinformed Exhibits Director of the Pittsburgh Children’s Museum, Brian Cicco, was so
collegial as to spend over three hours with me, explaining the history of the exhibit, the
museum, the remarkable array of community partnerships which enabled the complex
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Figure 50. Waterplay exhibit overview
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urban renewal effort which the museum inspired and anchors, and much more relevant
data that would otherwise have been opaque to all but the most intensive of
investigations. Many points from our conversation are embedded within the following
essay. One that resonated with the CMH team was Cicco’s observation that, in his
(extensive, particularly given his relative youth) experience, a typical shortcoming of
institutional planning enterprises such as ours is that they tend to be overly regionally
circumscribed—folks typically visit institutions that are within several hours of driving
distance, so that the expenses associated with extended ventures, especially overnight
stays, are kept in check.
While the short-term cash-flow benefits of this approach are obvious enough,
the long-term negative outcomes are less evident but nonetheless significantly
deleterious. The regionalism—place-based, watershed-connected, childcomprehensible—which we have attempted to infuse into At the Canal's Edge is utterly
appropriate because of its specific intentionality; to simply ignore models from a more
widely cast net of investigation, however, is an unfortunately short-sighted approach.
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While CMH had the opportunity to do this because, in my pro bono work, I absorbed
the cost of the travel and related documentation as part of my professional development
and dissertation obligations, I strongly believe such expansiveness of approach should
be built in to all such endeavors. This will be amplified in the summary of Chapter 5.
Because of the intricacies of its mechanical systems, and the meticulous way in
which they have been almost invisibly incorporated into the building, I will analyze that
aspect of the exhibit in much greater depth than in any other venue considerations. This
emphasis on mechanicals seems to me perfectly appropriate, given that the entire
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exhibit space is very technologically influenced in look and feel, in the selection of
materials and their deployment. Such design decision-making is enlightening to me:
while I greatly admire the look in the abstract, I previously felt that it was too cold—
visually and in tactile character—for a space for children. However, all those modem
and postmodern elements—expanded metal, glossy polycarbonates, frosted glass,
burnished space trusses (Figure 51)—have somehow been synthesized into a very
playful realm, open, airy, even whimsical in the insertion of giant overscaled decorative
metal arches and benches made from surfboards (Figure 52).
The primary equipment space is in the basement; the system is diverted off the
main water line from the street within feet of its entering the building (Figure 53), and
has a computerized control network regulating it from that point forward (Figure 54).
The integrated pumping, monitoring, and measuring subsystems were designed by a
large Florida firm that specializes in development of public and commercial fountains.
They worked closely with both the museum exhibit planners and the architectural team
throughout the extensive preplanning process. The outcome is a carefully configured
set of components, each selected to significantly exceed minimum system requirements
to attempt to eliminate operational problems over time.
In addition to the primary shutoff at the point of connection to the main, there
are secondary shutoffs prior to the pipes’ connection to the pumps in this basement
station (Figure 55). Each pipe in this neat but complex array is labeled as to function,
so that future repairs or changes do not require referring to schematics or reliance on
memory.24 One of the pumps in the series is dedicated only to filtration, serving as
initial point of particulate screening; for exemplary and appropriate redundancy, there
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Figure 51. High-tech exhibit floor with view into pump room

Figure 52. Surfboard bench adjacent to space truss window wall
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Figure 53. Initial water control system in basement mechanical room

Figure 54. Computerized control panel
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are several additional demountable screening stations in the plumbing leading to the
exhibit, as well as within the exhibit proper. From the pumps, water is moved to two
large fiberglass holding tanks (Figure 56), where the water level is constantly
electronically monitored, and automatically adjusted if the volume drops below a
specified level. The water quality monitoring system is prominently displayed here as
well, in a real-time readout that is checked twice daily and signed off on by specified
staff trained to read the outputs and make nuanced human compensatory adjustments on
an as-needed basis to the electronic cybernetics (Figure 57).
From this pumping, holding, and monitoring station, then, the water is pumped
up to the third floor where it passes through a tertiary set of shutoff valves (Figure
58),

25

then circulates through the entire sequence of exhibit components before being

returned to the basement for the next iteration in this massive recursive loop of
monitoring, repurifying, and volume compensation. In spite of all the piping in that
loop, this is not a closed system; throughout the exhibit per se, water is lost through
evaporation from all points where it’s open to the air, as well as through being splashed
out during children’s investigations and being carried off on their hands, in their often
now-soggy clothes and the like. The designers clearly were sensitive to that latter issue,
as evidenced by the “DRY OFF” wall, equipped with a symmetrical phalanx of eighteen
hand dryers (Figure 59). This arrangement exemplifies a very different category
promoting the utility of redundancy from that discussed above: no matter the height of
the child with wet hands or clothes, they can find a dryer positioned to fit them (or even
a cluster of them, if the child has gotten very wet all over) and at least begin to dry off.
While these certainly don’t serve to fully dry the utterly soaked clothing of a child who
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Figure 56. Fiberglass holding tanks
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Figure 57. Water quality monitor station

Figure 58. Tertiary set of shutoffs in exhibit floor enclosure
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engaged rather too exuberantly with the water exhibit, they at least serve to mollify the
concerned parent—there is something psychologically soothing about their availability.
Correlatively, and more than at any other institution I visited, Pittsburgh has in
place major water-resistant gear that children may don to at least reduce the probability
of getting thoroughly drenched during their play. There are racks of yellow slickers in
various sizes (Figure 60), and comparable offerings of boots that may be pulled on over
footwear (Figure 61). This all makes perfect sense—this exhibition is, after all, (as a
small but salient subtext of myriad ways in which to consider it) an extensive series of
places in which children have multiple opportunities to get wet; nonetheless, most
institutions treat that aspect of their water play areas as if it were an unlikely outcome.
Typically, a set of waterproof aprons is made available, perhaps (although often not) in
combination with one or two hand dryers.
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That solution is necessary but clearly not

sufficient, and Pittsburgh’s designers have been bold enough to acknowledge it and
make it semiotic. Those prominently displayed items, in tandem with numerous signs
large and small about water (Figure 62) and wetness, the probability of getting wet
(Figure 63), avoiding getting wet or what to do after having gotten wet, make it clear
that wetness really should be an expected outcome, not a surprise to a caregiver nor a
27

reason for a caregiver to become upset with—or about—a child who has gotten wetf
First and foremost, the Pittsburgh Children’s Museum Waterplciy is an
architecturally defined creation (Figure 64). From the refined forms of each of the

tanks to the very simple, very large scale decorative canopies, and from the minimalist
(but totally water-referential) color palette to the technologically-inflected worktables,
the space bespeaks the rarified eye (and eye-hand coordination) of very well-trained and
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Figure 59. Bank of hand dryers

Figure 60. Rack of yellow rain slickers
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Figure 61. Rack and bins of boots, many inverted to dry

Figure 62. ‘WATERPLAY’ floor graphic
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WET ZONE
You will get wet. Boots and coats are available.
Please don't run. We don't want you to get hurt.

Figure 63. Elemental large-scale wall signage

Figure 64. Postmodern decorative motif of expanded metal canopies
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talented design practitioners. Since Waterplay is a linchpin exhibition in a stunning
new building, and since the entire program was guided by the extraordinary vision and
talent of Jane Werner, the Executive Director, with the intent of generating a bestpractices outcome at all levels, the elegant and supremely functional results are not
surprising. I should qualify all my direct observations by noting that the exhibit was
closed to the public for maintenance on the day I visited, so I was not privileged to see
it being used by children. My impression, verified in extended interviews with two of
the professional staff at the museum, is that this is a space that seems to work across a
wider age span than most such exhibits are able to manage; its somewhat futurist
iconography and elaborated fountain-building attributes are probable reasons that even
middle school age youth can be extensively engaged here. However, the concomitant
downside is that it doesn’t serve the very youngest children as well as it might, due to
its rather imposing scale and relatively high pool heights.
There are several exemplars in the space that ensure its being used as a field¬
wide model for the next generation of designers building new water exhibits, whether
nationally or internationally, across the next decade and beyond. The elaborated boat
building aspect is one such model (Figures 65 and 66). The long industrial grade
worktable and supply station has several interestingly limited signs suggesting but not
specifically directing ways to make a boat (or an interconnected set of boats). The signs
use cueing shapes (of the various alternative hulls, sails, and keels, for instance) and
simple instructions (“Use a rudder to steer your boat”) without details, to afford some
substantive experimentational potential (Figure 67). The entire kit of parts (hulls, sails,
rudders, keels, and links) is based on a tab-and-slot system: each hull has a row of holes
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Figure 65. Graphically elegant overhead signage for ‘BUILD-A-BOAT’

Figure 66. Boatbuilding worktable and supplies station
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drilled in it, into which the tabs extending from the other components may be inserted
(Figure 68).
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While this is hands-on learning within clear constraints (the children

work with pre-designed and prefabricated components), it is still a moderately novel
and moderately challenging opportunity for most young visitors. The racing attribute is
very much a part of the boat play options, by virtue of the placement of several
powerful blowers mounted along the water’s edge (Figure 69). These wind sources,
fabricated by a Pittsburgh sculptor who also built a fountain in the museum’s sculpture
garden, have an imposing and industrially-inflected look and scale. However, they are
in fact very user-friendly, and can be easily pivoted and angle-adjusted to allow children
to set up a very interesting simulation for racing sailboats in front of a stiff breeze, or to
compare stability of different boat designs in exceedingly rough seas.
This sort of activity lends itself to substantive child-development investigation
for adults as well as engaging play for children: as Piaget (1946/1970) noted, “ . .. the
earliest intuition of speed is overtaking.” Even sans such wind power, children’s crafts
will meander along nicely due to the significant current (this is a system with deeper
water than the norm, and with a correlatively higher volume of water moved per unit
time). Also, the long stretches of unimpeded waterway are most conducive to this sort
of enterprise. Of course, again, as mentioned earlier—viz., Boston and Lynchburg
descriptions, there inheres to these sorts of weather-mimetic devices a great potential
for inducing unwarranted animism as to workings of the natural world, evocations of
mechanistic gods of wind rather than perhaps less allusive but surely more scientifically
acceptable explanatory factors of air masses, temperature, and convection.
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Figure 67. Signage unpacking elements of boatbuilding kit of parts

Figure 68. Tab-&-hole assembly for boat fabrication.
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This exhibit also takes the rather standard constructivist plumbing kit

29

to a

remarkable level of scale and complexity, both in terms of the design characteristics on
which it is predicated and in the extensive supply of parts neatly stored nearby in large
wall-mounted industrial storage bins (Figure 70). (I’m certain that keeping this zone
respectably organized is an exceedingly labor-intensive enterprise, probably the bane of
museum floor assistants’ work life). The floor of this part of the exhibition has been
raised nearly a foot above that of the rest of the area, providing a space through which
to extend all the piping to each outlet. Also, this floor is of fiberglass slat, an off-theshelf construction material that is installed in panels so that the plumbing can be
accessed as needed (Figure 71). An ingenious two-tiered system also is in place here:
only about a third of the vertical pipes are actually bubblers, that is, outlets extending
from the water-sourcing plumbing core. The remaining standpipes are plumbed
together in non-contiguous pairs, so that when a child runs a pipe from an active
bubbler to one of these verticals, a second such vertical somewhere on the floor begins
to bubble out the overflow. This elementary puzzle characteristic of the system is, I am
told, an attribute totally fascinating to many children, who attempt to work out the
schematic of the entire space before moving on to other activities. Other children,
however, are much more engaged by creating elaborately twisting and turning
sculptural constructions using one or two of the source bubblers as fountain engines.
Two other systemic details are of particular note, readily replicable and
ingeniously extending of standard water exhibit practice. First, the rotating whirlpool¬
generating units are magnetic, so they can simply be lifted out for required maintenance
(Figures 72 and 73). The large cranks which operate them can be spun rapidly with
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Figure 69. One of several powerful blowers mounted at the water’s edge

Figure 70. Bins of parts for constructivist plumbing area
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Figure 71. Fiberglass slat flooring system in constructivist plumbing area

Figure 72. Magnetic removable whirlpool-generating finned discs
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relative ease, so the spinning vanes rapidly generate impressive water funnels nearly a
foot in diameter (Figure 74). Still, even this elegant arrangement is not failsafe—
several hours of staff time were taken up during my day there getting one of these
setups back on-line; since most of the hardware is isolated beneath the tank, access is
sharply limited—technicians need to be lying flat on the floor to service the
mechanicals—making the maintenance and repair process thus particularly challenging
(Figure 75).
The second detail worth considering is the laminar flow device (Figure 76), a
unit which children can move across a low waterspout (a number of which are dotted
about the channels, although only one is equipped with this action-at-a-distance device)
in order to, first, create and second, alter a laminar dome. This seems to me an element
rich in extensions, perhaps in programs or the like, in which children’s thinking can be
scaffolded to consider what outcome alternatives might emerge by altering salient
variables, such as the shape of the interrupting plate, or its size or angle relative to the
flow, or the distance from the source to the plate. The interesting aspect of this
arrangement is that while the pivoting cantilever has but limited range of motion, it
creates quite different results based on just where a child chooses to stop it across that
range (Figure 77). This configuration, incidentally, provides an instructive counterpoint
to the laminar dome in the toddler area of Chattanooga’s RiverPlay, which as noted is
close to the edge of the pool so that children can interact with it directly. By virtue of
the more distant placement of the bubbler source here, and the intervening device,
children perhaps are subtly cued to think about the phenomenon rather more than
simply engaging with it. It seems to me that this parsing might prove a fruitful area of
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Figure 73. Power-transfer side of removable magnetic disc

Figure 74. Example of cranks that create whirlpools by spinning discs
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Figure 75. Exhibit technicians servicing whirlpool mechanicals

Figure 76. Laminar flow device sans water geyser
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Figure 77. Laminar flow device in operation

Figure 78. Pool Buster portable cleaning device for water features
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future research: can action-at-a-distance be more effective as a provocative,
conceptually scaffolding device than are absolutely, literally hand-on opportunities, and
if so, what are the mediating factors? Finally, I learned of an irreplaceable and
inexpensive commercial pool cleaner unit, the $200 Pool Buster (Figure 78) used daily
by the maintenance staff to help keep the system immaculate.
Carnegie Science Center. Pittsburgh. PA

I spent the later part of the afternoon of this very intensive action research day at
the nearby Carnegie Science Center. Again in keeping with the action research
protocols supporting methodological agility, this visit was purely opportunistic,
unplanned until an hour before I went there: I had a few free hours after leaving the
Children’s Museum and thought I would look into this nearby venue to see what
relevant information might be gleaned for the At the Canal’s Edge project. As it turned
out, Pittsburgh’s Carnegie Science Center has three exhibits based around water, two of
which are discussed at length here since they each provide a number of concepts highly
applicable to our project. The third unit will be examined only briefly, since it is a
single-activity construction. The first exhibit to be unpacked is designed for young
children; the second, incorporating more complex elements demonstrating more
advanced scientific concepts, is geared towards older children, i.e., those in the upper
elementary and middle school age brackets.
The younger children’s water table is actually an aggregate of five differently
shaped and colored interconnected pools, staggered in height from one end to the other,
and configured in plan in approximately a U-shape (Figure 79). While the overall effect
is one of abstract forms, only one of these pools is irregular, and even its overall
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polymorphism is subtended by several inset circular details and a large semicircular
shallows. The other four pools are, respectively, triangular, square, inflected
trapezoidal, and circular in plan. All comers, in plan and elevation, have been deeply
radiused for safety. This array of basic geometric forms provides a smooth set of
transitioning zones around the perimeter of the arrangement; it also provides a point of
departure for observant caregivers to have a conversation with their children about those
shapes—or for the alert child to notice them on her or his own.
Of all the exhibits I visited, this example is the most legible to children in the
experiential sense of navigating a structure of gradually, and serially, graduated heights.
From any point around the perimeter, even very small children can notice that there is a
height change in at least one adjoining pool, which proves generally engaging by
embodying the attribute of moderate novelty if nothing else. At the Carnegie, the
designers have heightened this salient quality of difference by changing the color palette
from component to component as well. Ordinarily I would tend to be critical of that
polychromatic distinction—such bright hues in design for children often have no other
purpose than to engage adults’ attention, and tend to distract children from the deeper
levels of learning that might be revealed behind the riot of color—but in this instance,
there exist genuinely systemic changes from pool to pool; thus, it is a relevant aspect
worth drawing children’s attention to in multiple dimensions (height, shape, color). I
will address these pool-specific qualities next, working from highest to lowest.
The topmost pool, red, triangular and shallow, is set upon yellow columns (all
the supporting structures in this exhibit are yellow, a nice visual detail, the sort of thing
that children notice far more often than do adults. This is partly because they’re at the
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same height, partly because, typically, children are exquisitely observant of the aesthetic
aspects of their surroundings). Logically, this pool is the source for the water in the rest
of the stepped-down, recirculating system. Four parallel angled spouts of clear straight
acrylic tubing extend upward in a manifold from a horizontal source tube; these are
readily accessible to children, who can feel the force of the flow (or attempt to block it),
collect it in vessels, or simply listen to it or feel it running through their fingers. Given
that the water in this “underwater domes” pool (the only element in all the water play
apparatus here to have any such cueing signage affixed, since that affordance is not
necessarily self-evident) is moving with considerable turbulence as a result of the
quadripartite gushers feeding it, it also has the potential to serve as the component most
instructive in terms of how objects act in such roiling water (Figure 80). This unit also
has several slightly domed portholes in its floor, affording children who are able to
crawl underneath (or walk under, if they’re really small) the opportunity to watch the
water flowing in sheets overhead (Figure 81). While this isn’t directly participational
(no interaction with water or, necessarily, artifacts in water is involved), it does allow
for a specified, and rather dramatic, shift in perspective. It would seem well-considered
to provide as many non-trivial circumstances as possible for children to practice
decentration, to be gently or subtly guided into situations in which it’s likely that they’ll
notice that they are now seeing something that they didn’t see a moment earlier simply
because they’ve changed their vantage point. I see this as a form of nuanced
scaffolding to help children intuit the possibility of multiple standpoints with, then,
correlatively distinct afforded viewpoints (cf. Santrock, 2003, pp. 275-276, for an
succinct explanation and interpretation of Piaget and Inhelder’s classic three mountain
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Figure 79. Carnegie Science Center’s younger children’s water table

Figure 80. ‘Underwater domes’ pool
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experiment, which deals with just such issues of perspective-taking, and concomitant
developmentally-influenced egocentrism).
In the next structure, rather serpentine and with a shallow stream, the nature of
opportunities for play and investigation has different manifestations (Figure 82). The
changes in flow, in terms of depth and direction, are much more nuanced here, clearly
perceptible but subtle. There are several sets of distinctly demarcated terraces, one
curvilinear, another angular, yet the total vertical drop across the extent of that
demarcation is barely an inch. This configuration is ideal for experiments with very
light objects, such as ping-pong balls or foil boats. It provides a distinct counterpoint to
the much more wildly moving and deeper water upstream. It is also a much longer unit,
so there is room along its sinuous perimeter for dozens of children to work, whether in
parallel or interactively, without being unduly crowded.
The sweeping arcs that comprise this piece have been intermixed to generate a
number of non-obvious and non-trivial characteristics. There are the two smaller
encapsulate pools within the overall table; there is an undulating alteration between
shaped channels and curving open water. There are sections in which floating objects
will tend to get stuck, and others where it’s effectively impossible to achieve that
chosen end, short of filling up the entire affair with flotsam. There are several childengaging diminutive channels, including one leading into the tiny circular pool that is
bridged by the seamless top lip of the rim. Each of these elements is potentially
provocative to the child, interesting without being blatant, rendering differing
consequences depending on the action and artifact chosen for the experiment, and
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Figure 81. View through one of the under-floor portholes

Figure 82. Shallow terraced stream table with inset pool
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looking and consequently operating in dissimilar ways depending upon just where the
child chooses to be along the water’s edge.
One potential negative consequence to the arrangement (for the museum staff,
not necessarily at all for the children) is the fact that, with only minimal ingenuity,
either the channels leading to the lowest basin of this section or the two pipes leading
from it could be blocked (Figure 83). This would result in quite an effective dam,
turning the sides of the setup into broad spillways. In the Papertian sense, discussed at
length in Mindstorms, of bricoleurist experimentation, this agency and its consequent
highly interesting result would be in fact a pedagogically desirable outcome, but one
unlikely to be so viewed by those responsible for exhibit oversight (Papert, 1980).
The stream, as designed, then flows through the two pipes into the square
middle table, the most mechanistic of the array; here children can operate a lucidly
simple Archimedean screw arrangement to move water from the pool to the top of a
clear vertical tube, where it then runs back down around another (fixed) helix (Figure
84). Carnegie Science Center has rendered—no simple task—a simple machine
genuinely simple, making its workings effectively schematic in the manner in which the
two interfitting gears are contrived. They resemble a ship’s wheel, each tooth of each
gear a separate shaft set into the central disk. When a child turns the powering wheel on
the outside of the tank, there occurs a one-to-one corresponding turning of the parallel
gear inside the tank which then interconnects in another one-to-one relationship with the
secondary, perpendicular gear, which collars the clear tube of the Archimedean screw
proper, thus raising the water. There is one additional attribute of cybernetics here: the
system only works when turned clockwise, providing a possible Piagetian moment of
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Figure 84. Elemental Archimedean screw arrangement
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disequilibration (“Why does it only work that way and not thisT’). The control wheel is
the only such mechanical extension to be found protruding beyond the smooth sides of
this water system, and its placement (in the sense of mitigating a potential danger) is
optimum, in the middle of a long span and with much space around it. That location at
least minimizes the possibility of a child’s running into it while focusing elsewhere.
I find this integrated mechanical solution remarkably straightforward and, I
believe, fully comprehensible to even a preoperational child. Each element necessary to
the system’s working is in clear view, the connections between the moving parts are
visible and predictable, and the outcome—the effortful but totally child-achievable
raising of water up the tube shunted by the coiling plane—is transparent. Thoughtful
design is apparent even in such a small detail as the perforations in the top of the
vertical tube, large enough to let all the water a child can draw up to flow through, too
small to let objects fall in. The arrangement is a demonstration laboratory for children
to enhance their sense of agency and efficacy, and their ideas about causality.
A final observation concerning this component is that it is serendipitously (but
planfully so) sited in relation to a geometrically larger Archimedean screw in a separate
exhibit (Figure 85). While all the salient details differ (size, color, specific mechanism,
angle), the relevant attribute is identical: material is helictically transported from a
lower to a higher level. (The large unit, with a closed coiling tube rather than an open
spiraling plane, lets children move balls in a physics playground context). Observant
visitors have a whole array of comparisons to make, inferences to draw, and conjectures
to entertain, all based on this rough analogy of structure and function triggered by
proximity—and that, in turn, based entirely on supremely competent design work.
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Figure 85. Brilliant visual analogues of Archimedean screw arrangements

Figure 86. Curvilinear simple maze with pebbled streamheds
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The fourth element in the sequence, identical in color to the second and similarly
biomorphic, with contours evocative of the work of the early twentieth century
sculpture of Arp or Hep worth, functions as a channel platform (Figure 86). A sharply
curvilinear simple maze, shallow and narrow, creates boatways, inlets, islands and
peninsulae, satisfyingly complex for younger visitors without being entirely
impenetrable or imponderable. The simplest of the components, it is also the most
elemental, evocative of wetlands, swamps, bogs, or other zones of land-water interface.
The aquatic hue of the raised forms, and the pebbled look of the stream bottoms,
enhances this quality.
The fifth and final pool is a simple circle in plan, punctuated by a laminar dome
flowing in the center (Figure 87). It is low enough for toddlers to access, but not so low
as to invite their climbing in. It serves as the systemic catchbasin, accumulating all the
vessels, balls and toys that float along the length of the waterway. Its laminar dome
helps to aerate the water, as well; that happens, too, albeit to a lesser extent, in the
initial, source jets, thus rendering an integrating visual and functional counterpoint
across the totality of the exhibit.
The second water exhibit at Carnegie Science Center is more complex in scope
and content, more elaborated structurally, and consequently unpacks more, and
generally more difficult or advanced, scientific concepts pertinent to water than does the
first (Figure 88). It has a much more industrial look and feel, and also requires greater
physical effort to operate its (likewise solo) crank mechanism—not surprisingly, since
that device in this context allows the operator to raise a volume of water through a 20’
high array of tubes. There is also a plumbing constructivism element in one of the
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Figure 88. Second Carnegie water exhibit
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paired linear stream trays leading from this central tower, which likewise requires more
dexterity and coordination than the first waterworks required of children in order to
manage its more basic experiences. This system is clearly designed for an older, more
cognitively advanced and motorically competent set of experimenters.
Nonetheless, it still has several relatively straightforward visual/proprioceptive
components, which can be grasped by the more advanced of the younger users:
inquisitive kindergarteners could comprehend the seriation involved, as well as the
notion of fixed sequence of operations. Both those operational schemas are built into
the stainless steel tower elements; in effect, they are the linked reward actions that result
if a child (or, even better, a team of children) is industrious enough to keep turning the
crank long enough to power a stream of water to the top. Once that happens, the water
is piped across the top of the tower and begins falling through paired sets of graduated
size (hence volume) containers. The upper element of each pair is a tipping unit,
pentagonal in section, pivot-set and so balanced as to remain horizontal and therefore
stationary until a sufficient volume (hence weight) of water has flowed in, at which
point it suddenly tips, dumping its entire contents in a single rush into the cubic tank
beneath. That tank, then, shunts water down to the subsequent, and progressively
arithmetically larger pair of tipping and collecting tanks beneath, and so on to the third
and final set, which powers the upper of a pair of over-and-under water wheels.
While the whole system is satisfyingly industrial and mechanistic, there is a bit
of the black box aspect involved, although in this instance it could serve as a point of
departure for an attentive caregiver or teacher to start a discussion about those
suggested relationships of size to volume, volume to weight, and pivot point to tipping
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point. Even better, children could be encouraged to build their own versions of those
interesting water-dumping devices. This sort of logical programmatic extension could
be done at home, in the classroom, or even in a participatory museum camp, school
group, or family science program done right at the water table, perhaps using the model
plumbing to create the water source. Depending upon the ages, developmental levels,
familiarity with basic tinkering techniques, and materials available, the particular
approaches to the challenge would differ considerably, but the opportunities for success
30

are very high given appropriate planning and supervision/

The waterwheels (Figure 89), too, while sharply constrained in this arrangement
as to what they can do (spin, essentially, with speed as the variable depending upon the
volume of water shunted to them), can serve as departure points for deep investigations
into power transfer issues, a topic already noted as being central to At the Canal’s Edge
program-connected considerations. At a basic level, variables of form may be
experimented with, guided by such considerations as number of vanes, length of vanes,
diameter of wheel, distance of wheel placement from water source, amount of water
striking the unit, and the like. Once these interaccommodative constructs have been
grasped, the power source can be connected to sundry work-producing devices, all
power axle-based and all running off the initial water wheel, thus providing an ideal
context for explorations into gearing and its subsequent transfer and redirection of
power, rendering an integrated, authentic sequence of opportunities to investigate
hands-on physics. Alternately, equivalent levels of engagement may be provoked by
having children create artfully sculptural mechanisms to divert, fling, or
choreographically spray water.
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Several other core components of this second water exhibit, particularly the pair
of vertical cylinders centered in the two pools at opposite ends of the binary serpentine
streams extending from the tower configuration (Figure 90), are also provocative in the
way in which they suggest questions whose locus is situated within the domain of
fundamental physics of water. The larger, white cylinder (pump-augmented so as to
remain filled, and equipped with a narrow vertical clear panel to provide a visual index
of water level within), has small holes drilled in its barrel at different heights, from
which water jets in streams of varying force, providing a lucid demonstration of the
principle of water pressure as a factor of depth. There is not a bit of signage on this
exhibit explaining this dynamic, a design decision with which I fully concur. The
possibility of epiphany on the part of observant children or adults (effortfully
connecting the variables of height of hole with length of stream) outweighs the
questionable value of superficial explanation of concomitant variables of force and
distance. If children are afforded the chance to discover (or, effectively, to invent for
themselves) instances of causality, its connection in real-world contexts is likelier to
take hold in substantive, transferable, non-trivial, and lasting fashion. (The National
Research Council’s How people learn addresses this issue in provocative and rigorous
ways [Bransford, Brown, & Cocking, 2000]).
The water-pressure-based structure is simply an adaptation of a very common
device made for, or in, elementary-school-level science classes or workshops, a plastic
soda bottle with three equal-size holes drilled one above the other in one side, near the
bottom. While, in that form and format, it is a one-concept, one-phenomenon setup, it
could be readily adapted to form the basis for more complex learning devices.
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Simply

experimenting with varying diameters of holes, different distances between holes, or
distance of holes from the bottom of the bottle provokes relevant investigations into
variables. This setup suggests additional provocative questions: Is it possible to adjust
the relative sizes of the holes so that all the streams fall the same distance from the
bottle? Can holes be drilled in patterns along the bottle’s surface that orchestrate
choreographed waterfalls? By creating varying patterns of holes, such as spiraling rows
of perforations, artistic outcomes can be achieved. If children can then be encouraged
to connect such bottles in interesting configurations, by using sections of aquarium
tubing, for example, and then linking this arrangement to a hand pump or a simple
recirculating pump such as that used in small aquaria, they can create fountains that
demonstrate a number of causal physical science relationships while also rendering
aesthetic productions. Comparable extensions are possible from the constructivist
plumbing system; a combination as simple as drinking straws connected with duct tape
will result in an effectively watertight arrangement for a short duration activity.
The final ancillary structure in this system, also a cylinder, this one smaller and
clear, centered in the other circular pool, demonstrates a different set of effects based on
water streams, namely the whirling of a vertical cylinder powered by paired jets of
water gushing in the opposite direction from tubes extending from that cylinder. In
effect, this component embodies and makes transparent Newton’s Third Law, that for
every force (water jets) acting on an object (vertical cylinder), there is a force of equal
magnitude but opposite direction acting back (spinning of cylinder). Again, this is a
basic referential conversation starter: rotational lawn sprinklers work on the same
principle.
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Figure 89. Tipping cubic stainless water tanks set above waterwheels

Figure 90. Constructivist plumbing and spinning cylinder pools
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The last water exhibit from this venue is highly sculptural in readout. A rubber
aggregate-surfaced topology, punctuated with a number of shallow mounds, the system
is a cluster of small geysers, some of which are visitor operable as to height and timing;
the goal is simply to try to toss hollow balls into the jets (Figure 91). If correctly
placed, a ball will float atop a given stream for an extended period of time, minutes in
some instances. While the principles of physics involved are simple, the unit engages
visitors deeply at interpersonal, kinesthetic levels; I watched several families spend
many minutes each exploring the array of challenges it presents (Figure 92). In current
museum parlance, it’s intriguingly more mind-on than hands-on.
I would like to conclude this section of the dissertation by discussing a stand¬
alone component at the Carnegie Science Center, namely the fish creation, since it
connects with the river ecology theme of the Connecticut in the Classroom. A postaffixed, rotatable, dramatically overscaled, quite accurately rendered head of a fish
(Figure 93), it is designed to invite children to look through a fixed arrangement of
goggles on the back of the fish’s head in order to “see like a fish” (Figure 94). (As the
Root-Bemsteins note, “different types of eyes produce different images of the world”
[Root-Bemstein, & Root-Bemstein, 1999, p. 200]).
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While, again, a single-concept,

single-action element, it performs its specified function well: the view through the
eyepiece shows the relatively panoramic view that a fish might see from that vantage
point—quite a different view than what a human would see, perhaps quite different
from what a child might expect to see, consequently possibly rich in Piagetian
disequilibration, hence serving as an opportunity for recasting conceptions. If this were
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Figure 92. Family engaged in the challenge of floating balls atop geysers
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Figure 93. Freestanding pedagogical Piscean segment

Figure 94. Behind-fin view of model fish segment showing goggle eyepiece
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reconfigured as a Connecticut River fish such as a shad or a salmon, the pedagogical
legitimacy of importing such a model into our exhibit would be enhanced. Again at the
level of programs based on the exhibit, an array of goggles and headpieces which are
mimetic of the scope of vision of a variety of local watershed fauna could provide an
engaging standpoint from which to guide children in discussions about implications of
such structurally-dependent characteristics on viability of various birds, amphibians,
and reptiles.
CQSI Columbus
I had planned to visit COSI Columbus (the official name of the organization, no
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longer merely an acronym ) even though it is a science center rather than a children’s
museum, since I was passingly familiar with the Ocean exhibit they showcase, and
thought there might be some application to our enterprise. The validity of that intention
was reinforced during my extended visit at Pittsburgh Children’s Museum as a result of
my interview of staff there. A core member of the exhibits team had worked previously
with the art director responsible for Ocean\ he was very enthusiastic about the superb
aesthetic work of that director, and said that the exhibit was visually spectacular. I also
learned the monetary figure to open the exhibit, some $3.2 million dollars, a number
exceeding the cost to build many of the smaller member museums of ACM. This
information added a new dimension to my previous agenda for the visit, with a focus of
considerations oriented to thinking about what it might mean to have an art director
rather than an exhibit designer or developer responsible for a content-driven exhibit,
and about whether all those monies could be justified as being well spent.
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The exhibition is presented in two totally separate zones, with very different
themes and consequent appearance. Each zone is named Poseidon, but the
manifestations are totally disparate: the first is mythic, with the theatric device of
creating the undersea world of the god Poseidon, while the second is a fully elaborated
mockup of a modem submersible laboratory (termed a research habitat on COSI’s web
site) for oceanographic investigations. Clearly, the suggestions of John Falk and Lynne
Dierking are being taken seriously here, and the traditional relatively straightforward
presentation of facts about science is being supplanted by a considerably more inflected
approach, with much attention being paid to multiple modalities of visitor
internalizations of what this particular domain of science might encompass. A seminal
point made by Falk and Dierking (2000, p. 230) in Learning from museums is,
The next several decades will be exciting times for all involved in the
educational enterprise, particularly in the area of free-choice learning.
Currently, museums are riding high on the swelling wave of public interest in,
and commitment to, free-choice learning. Museums’ ability to sustain and build
upon their current popularity will depend on their ability to define their niche
and capitalize on the public’s shifting values, preferences, needs, and priorities
relative to learning. The future of museums promises to be bright, but how
bright depends upon the willingness of the museum community to fully embrace
and proactively respond to the profound changes occurring in the larger society.
Ocean’s presentation seems to me a distinct effort to do just that sort of redefining
based upon interpretation of the public’s shifting preferences. It certainly fits within the
loosely conceived parameters of a blockbuster exhibit, which seems to many museums,
art and science as well as children’s, a logical way to build visitor base. I have no doubt
that nearly every visitor who experiences this exhibit will retain vivid memories of its
cornerstone details: the enormous, artfully sculpted Poseidon figure towering over the
seascape (Figure 95); the colorful, complex and ingenious lighting effects, constantly in
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Figure 96. Ten foot long spouting carp sculpture
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flux; the ten-foot-long spouting carp (Figure 96). These carefully crafted iconographic
details are evocative and potent. Whether, however, equally resonant images will be
constructed around core scientific principles embedded within the exhibit is a much less
certain projection.
There are fewer than a dozen different activity stations interspersed throughout
this zone of the exhibition, fewer still in the simulated submersible section. Probably
the most compelling of these, if only because it is the focus of the equipment array
directly beneath the dramatically gesturing god, is the station about laminar flow.
Essentially a smooth gush of water without air bubbles, a stream exhibiting laminar
flow will transmit light, rather like a fiber optic strand. COSI unpacks this concept
through the mechanism of a set of large turrets, each spurting a laminar jet and each
with a limited range of child-operable motion (Figure 97). The result of all these being
used at once is a visually rich interweaving of long, luminous liquid arcs and the
corresponding flumes that happen when they collide. Clearly fun for the middle school
students who were experimenting with the exhibit during my visit, they provide a fine
medium for materially mediated interpersonal (although rather impersonal) interactions.
However, this was a one-phenomenon station, sharply constrained by the unitary force
of flow of each turret and the minimal range of its lateral or vertical motion.
Consequently, once the students had “gotten” the operational construct, there was no
opportunity to add dimensionally to it, no variables of function to be experimented with.
Of course, the play element lasts much longer, minutes rather than seconds, but it is in
this context primarily ritualized rather than complex, unitary rather than multivalent
(Sutton-Smith, 1997, provides extensive insight into such alternate outcomes of play).
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Figure 98. Topological brass erosion table
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The superb sculptural relief work that is the main defining decorative motif in
Ocean is nicely transferred to one small exhibit, a gently sloped but richly contoured

brass erosion table (Figure 98). Deeply incised with complex, curving topography, the
system holds dense mud that children may move about with large scoops, while they
infuse water into the system by means of a pair of steel valve wheels extending
(dangerously) out from opposite sides of the table. As a stand-alone exhibit, this
creation has enormous potential for making an educational impact on a very wide age
group, pre-K through elementary school at least, depending upon what ancillary tools,
materials, and scaffolding interventions were made available to augment it. Here,
however, the unit seems to get relatively little use, at least during the time interval I got
to observe it. That may be due simply to its being placed off to the side in a dim alcove.
Another exemplary stand-alone exhibit is the Sonic Fountain (Figure 99), a
diminutive piece that nonetheless perfectly demonstrates the principle it seeks to
elucidate, namely transmission of sound waves through different media, in this case
water and brass. I watched many dozens of young people carefully and thoughtfully
working with this ingenious contrivance, in many cases working in pairs, one reading
portions of the accompanying signs, the other attempting to follow the instructions. Of
course, others just immediately started interacting with the unit; however, I didn’t see
anyone able to intuitively figure out the protocol. Students either had to notice someone
before them successfully performing at minimum the introductory actions, or read at
least the small sign, if they were to grasp the concept.
I’m going to discuss the content of the two signs meant to provide directions and
concept clarification for the Sonic Fountain at some length, because I find their phrasing
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so telling. The small panel, listing three action sets to follow, has text which is quite
clear as to meaning, parsing the actions out nicely:
1. Wet your palms.
2. Rub your palms gently back and forth on the brass handles.
3. Watch, listen and feel for the vibrations.
The wording is simply phrased, succinct, embodying the construct of “necessary and
sufficient.” However, when we deconstruct the text of large panel, which is intended to
elaborate the conceptual framework and thus enable visitors to grasp the principles of
physics which the simple action sequence demonstrates, the situation becomes far less
lucid and accurate. I’ll quote it in full, bracketing my interpretive thoughts in italics.
Sonic Fountain
Sound moves through air, of course [not every child has given thought to, or
been taught, that air transmits sound waves—or even that sound may be
conceptualized as patterns of waves], but sound can also move through solids
and liquids. Rubbing your hands along the brass handles [no indication of the
possible reason for previously asking the child to wet her or his hands] sends
some waves into both the metal bowl and the water inside [almost magical
thinking: just how are those waves [still not identified as the physical
manifestations of sound] sent? ]

The places where the sound waves are strongest [why would one assume that
there would be a strength differential between sounds made in the same way?]

are called anti-nodes. The places where the water doesn’t move are called nodes
[sudden conceptual leap—if it said, “The places where the sound waves are
weakest [to follow through on the inverse correspondence to the previous
sentence], which are the places where the water doesn’t move, ” the meaning
would not require such cognitive sophistication in order to be grasped].

Try this: while the bowl is vibrating [an assumption, that of the child’s being
able to infer the link between sound [as] waves and vibration as manifestation
of those waves; if the child is a visual learner, he or she may have noted the
ripples [vibrations] in the water but may not have connected them to
simultaneous vibrations in the brass, since that requires a different modality to
perceive], grasp the rim between your thumb and forefinger [nicely explicit, but
potentially over-specific, perhaps impossible to follow, for instance for a child
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with limited pincer-grip capability]. What happens when you grab the bowl
near a node? What happens [excision of the implied analogue, “ . . . when you
grab the bowl ” is likely to be noticed and mentally re-inserted only by a fully
competent reader; it is not syntactically self-evident] near an anti-node? Why?
[Why not phrase this final query in a less demanding, more discursive manner
which might be more supportive of divergent thinking? I’m certain that a
physicist could frame an adequate answer as to why the wave patterns alter as
they do in those specified situations in a number of different ways. “Why do you
think this happens? ” or “ What is your theory as to what causes these different
results? ’’ seem to me framings more respectful of the respondent, more
indicative that the questioner assumes that the visitor can competently figure it
out].
Please understand that I do not mean to show disrespect to the museum
professional who framed the wording on those signs: it is demonstrably evident that
much careful and informed thought went into their crafting. I merely wish to point up
the fact that something as ostensibly straightforward as providing functional and
illuminating text panels to accompany even a single-component, constrained-concept
exhibit is really not straightforward at all, is in fact a complex, developmentallyinflected, and semantically nuanced challenge, and one fraught with the potential to
clarify certain situational aspects only at the cost of ignoring or confusing others . . . and
that even experts like topically sophisticated science center personnel are less than
infallible in this domain.
The station in Ocean that in my observations got the most intensive use, both in
terms of number of children attending to activities there and of the length of time they
tended to spend, was the constructivist plumbing array (Figure 100). Girls and boys
seemed equally engaged and equally competent at manipulating components to render
interesting structural and spray results, and were comfortable working here for extended
periods of time in mixed-gender groups. I find it interesting that this standard device,
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Figure 99. Sonic Fountain

Figure 100. Mixed gender group building constructivist plumbing devices
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used in so many venues investigated here (as well as in many others, sans water, just for
the systemic utility in helping children develop ingenuity in buildingry34 capabilities) is
arguably the most pedagogically successful activity available in this theatrical
extravaganza. This observation, shared with the planning team, gave point to the CMH
group’s efforts to focus on pedagogical value rather than edutainment; it proved an
effective mnemonic device across the rest of our work together, reminding us that an
overgenerous set can in fact divert or mask rather than augment learning. We thus
strove to be planful and parsimonious, particularly given the sharply constrained budget
determining our choices. In any event, the source plumbing for the constructivist
system is particularly ingenious and effective here, providing a water stream
simultaneously to each of a set of short outlets extending in a row from a flanking wall
at about 15” heights, allowing multiple visitor creations, either separate or
interconnected, to be flowing in tandem. An additional useful model was the series of
access panels backing the row of outlets, rendering future maintenance convenient.
Another small, unprepossessing, but conceptually rich component unpacking
details of the nature of water current in constrained circumstances was the elegant little
ring pool (Figure 101) in COSI’s Ocean exhibit. This narrow, irregularly-shaped
rivulet, evocative of a mountain stream in the speed and unpredictability of its flow
(powered by an array of jet bubblers), provides an interesting insight into the sort of
environmental effects a small fish must feel as it makes its way along such a
watercourse. The sign suggests the protocol to follow in guiding one’s (artificial) fishon-a-line: “Wiggle a fish back and forth between your fingers or palms as you move it
through the stream.” By so wiggling the shock cord length from which each minnow-
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Figure 101. Rapidly circulating water in the diminutive ring pool

Figure 102. Author experiencing the tugs on line of a fish in the ring pool
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sized artificial fish is suspended, and then feeling the sorts of random tugs and jolts that
are transferred back up the line to one’s hand, it is possible to gain an interesting
proprioceptive insight into the kinesthetic experience of a creature of a different species
(Figure 102). This is a nice analogue, albeit at a very different scale, to the experiential
fish at the Carnegie Science Center, where vision rather than motion is the characteristic
being unpacked.
Like Carnegie, also, COSI showcases a Balancing Balls exhibit (Figures 103
and 104). In this instance, a gently curving narrow pool with an elaborately sculptural
backdrop and crenellated endcaps spouts four randomly-timed geysers along its length,
atop which visitors may attempt to position small hollow plastic balls so that they
maintain their place there rather than falling. The arrangement is engaging, and
redolent with potential for evoking considerations of a number of salient issues of
physical science. In our review, however, our (by now increasingly informed, as well
as somewhat more critical) team assessment was that we could approximate the crux of
the system with a garden hose, thus saving twenty thousand dollars of elaboratelycrafted backdrop.
A last whimsical, nearly devious detail in this elaborated stage set for
theatrically inflected learning is visible in Figure 105. In a lightly trafficked area set off
from the main concourse winding through the primary space is a steel grillwork section
of floor, up through which bubble randomly timed and irregularly spaced little jets of
water, less than a foot high. Due to the dim lighting, it’s quite possible for distracted
visitors, perhaps attending to a giant sculpted carp suddenly noisily spouting a ten-foot
high geyser along the opposite wall, to find themselves unexpectedly having
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Figure 103. Balancing Balls exhibit

is•

Balancin'
-

*? .

o ,?#. -

?f

VV

‘Vp

*J.T •

WWW.fi'jr

Jj5gg£;

'*’ Kxntl> ,j. ,

"''Hi

-■
,- *

^ fc ",f "Oh.

'*'*-* **;

^ ft* up;/-,

*»ojm

, ^

"•«

„ v

. " ’

*****

■"

"v*. rr•’•<

Figure 104. Extensive text unpacking the physics of the exhibit
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their shoes and pant legs soaked. While I’m not certain of the educational value of this
floor fountain (it may be intended to evoke natural geysers), its sly quirkiness fairly
demanded mention.
I will conclude this assessment of COSI’s Ocean exhibition with but a brief
description of the D.S.B. Poseidon portion, the other half of the space, since it has
minimal relevance to the CMH programmatics. A set piece of stupendous proportions, it
is a full-scale, authentically rendered reconstruction of the interior of a submersible
oceanographic research vessel (Figure 106). The exhibit is intended to provide visitors
with a physically and psychologically immersive experience of what being inside such a
vessel looks, sounds, and feels like, and to point out the array of scientific investigations
its crew undertakes. The rich theatricality of its environmental simulacrum enables the
first goal to be met fully and spectacularly. However, the latter goal is addressed almost
exclusively through a computer gallery, some terminals of which host data-intensive
learning programs, others which run oceanic-themed games (Figure 107). References
to the crew per se are oblique at best—there is a ponderous metal deep diving suit
(Figure 108), and a one-person submarine which students waited patiently in line to be
able to enter (Figure 109). As to the former goal, while it is all stunningly realistic, it is
virtually opaque as to specific function: signage here (in circumstances where it could
actually be highly informative) is minimal. I did overhear engaged teachers and
attentive parents making good use of the echoing quality of the space to discuss
acoustics (I would have liked to learn whether the learning about sound traveling
through water and metal unpacked in the other side of the exhibit transferred in any
substantive way to considering the physics of it here). I was glad to note that the
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Figure 105. Grillwork floor with unobtrusive randomly-sourced bubblers

Figure 106. Exhibit map of Poseidon
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Figure 107. Students and teachers in the D.S.B. Poseidon computer gallery
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somewhat daunting facticity of this construction didn’t keep children from expressively
communicating, or from simultaneously turning a pedagogically intended device into a
personal space for playful interaction (the transparent concavity in which the boys
shown in Figure 110 are ensconced is visually linked to another such structure on the
opposite side of the metallic room).
Since I visited all the other venues discussed in this dissertation prior to arriving
at Indianapolis, I took advantage of the networking opportunities such conferences
provide to talk through many of the points made, after much more extensive reflection,
in this section of the chapter. Whenever I mentioned the COSI Ocean exhibit budget,
astonishment was the invariable first response, followed typically by an admixture of
incredulity, vexation and consternation. During one such discussion, two colleagues,
both directors of small museums, one in Connecticut and the other in Maryland,
expressed fair outrage at the numbers, one saying that tens of thousands of children
could have had intensive, powerful program-centered facilitated experiences with that
sort of expenditure. In the tiny (certainly non-generalizable) sample of professionals
with whom I later spoke about this tradeoff, a clear preference was expressed for
learning over theatricality, substance over form.
While investigating Ocean was the motive for my visit to COSI, little
KIDSPACE®, an expansive zone the institution recently opened to serve a preschool
audience and their families and caregivers, proved the more worthwhile exhibit in terms
of my research goals. This area was redolent with many genuinely inspiring details
which provided points of departure for additional conversations among the Holyoke
team. In my best judgment, the solutions created in the H2O COMPANY are not only
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Figure 109. Children lined up to enter the one-person submarine

Figure 110. Children enjoying encapsulate space in the expansive exhibit
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aesthetically delightful but thoughtfully and genuinely innovative as a learning
laboratory, displaying not only promising practices but best practices. Both the infant
water table and the enclosed but hugely interactive whirligig arrangement are, as far as I
have been able to determine in my research, novel and fully appropriate approaches to
design problems facing professionals (and a profession) seeking to provide totally rich
35

yet absolutely safe water experiences for very young children in the museum context .
In fact, the deft handiwork of accomplished designers is evident at all scales in
this environment, from the splashy graphics framing the entryway (Figure 111) and the
vibrant but integrated color scheme to the bubbles perpetually rising in the stylized
porthole (Figure 112), the iconic wave wall racks for hanging slickers and aprons, and
the big green portable cylinders used for adult seating (Figure 113). Even the large
octagonal yellow base of the encapsulate spray booth is echoed in number and color in
the configuration of seats of the infant table. The whirligig spray booth is
extraordinarily well thought through. As the anchoring device to the overall
preschoolers’ zone, it is utterly inviting (Figure 114). The yellow base containing the
concealed plumbing is low enough that even toddlers can see readily through the eight
glass walls enclosing the various devices. The knobs whose manipulation controls the
water jets activating all the spinning mechanisms are likewise set at toddler-operating
height (Figure 115). These five knob-controlled nozzles are inset directly into the glass
panels; consequently, there is a 360° view afforded around the red disks which form the
frames for the controls (Figure 116). Should a child be curious about this detail, the
clear flexible tubing channeling water to each nozzle is also in plain view. (Alternately,
the presence of this structural device might engender the child’s noting of the

398

Figure 111. COSI’s H2O COMPANY child-sensitive entry way

Figure 112. Porthole with perpetually-rising bubble streams
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Figure 113. Wave-form wall racks, big green foam cylinder seating

Figure 114. Whirligig spray booth
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phenomenon, connecting again to young children’s curiosity about plumbing).

This

approach is an effective counterpoint to aforementioned “black boxes,” by virtue of its
literal and conceptual transparency; while it affords only limited opportunities for
investigation (the operating system is only visible, not accessible) and is thus only
tangentially hands-on, it does seem to me very powerful in its simultaneous evocation
and explication of structural and functional attributes. A deeply engaged, thoughtfully
observant child might well experience such epiphanies as, “Aha, so that’s how the water
gets to the nozzle!” and, an even more nuanced realization, “That’s why there’s always
a stream of water shooting out, whether or not anybody is using the thing!”
The knob-controlled nozzle arrangements, while easily manipulated by twoyear-olds, nonetheless shoot quite a powerful jet (since they step down a 1” input to a
!4” output). The streams can easily be controlled to cross the entire pool, so any nozzle
from which a child happens to be investigating possible affordances of this intriguing
apparatus allows her or him to cause motion of any of the various spinning
contrivances, or of the many differently sized and colored balls also floating in the
shallow water (Figure 117). The devices themselves are ingenious deployments of
materials; the stainless steel and translucent colored acrylic shapes are crisp and
attractive, the array of target shapes available to be water-spun is varied, as is the range
of angles relative to various nozzles. I found the structures elegantly evocative, in their
spatially complex interconnected twirlings, of sculptures by Calder early in his career,
and constructions created more recently by George Rickey. They also suggest excellent
program activities, although generally apt more for an older audience than the one for
which the H2O COMPANY is designed: mobiles which in some salient dimension
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Figure 115. Toddlers can easily reach the knobs to control water jets

Figure 116. Nozzle mechanicals installed directly through the glass panels
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reflect the principles embedded in these units and which can be tested in the CMH
water table seem a logical open-ended activity for older elementary school groups.
Likewise, the concept of an invention station, currently at the top of Project Director
Silver’s priority list for the next phase in At the Canal's Edge, holds rich possibilities
for investigations into water pressure through playful arrangements of hoses and
nozzles, waterwheels and whirligigs, and valves, shunts, and diverters.
Thinking about program connections brings to mind one last detail in this
component, which I had neither thought of in such a clear iteration, nor seen elsewhere,
namely the split- or multi-wheeled water wheel (Figure 118). While I had designed and
crafted some prototypes that sought to unpack the previously-noted variables clearly
embedded in water wheels (comparison of various sizes of wheel, number, size, shape,
or angle of vanes, and placement vis-a-vis stream, e.g., overshot vs. undershot
configurations), and while the design team at CMH had talked of ways in which to build
such comparisons into the final installation there, the simple notion of pairing the
wheels hadn’t surfaced (this creates a literal, potent, and indeed ironic reference back to
the Falk and Dierking edict to not reinvent the wheel: in some instances, reinvention
can result in powerful extensions). While I am not assuming that young children are
necessarily going to parse out relevant attributes either tacitly or explicitly, they will
notice readily (and comment accordingly) if one of the two is spinning at a very
different rate than is the other. It is this sort of provocation of cognitive conflict by
virtue of sheer placement and proximity, mute object-attributes, the generation of
teachable moments or self-clarificatory moments, that is a metagoal of the CMH project
team, and of the field at large. The descriptor meta-affordances seems to me to get to
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Figure 117. Ingeniously distinctive spinning targets

Figure 118. Multi-age family group and multi-section water wheel
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the notion here, of devising such evocative objects-in-relationship that they simply must
be provocative.
To stay with the organizing principle of eight-part yellow structures, let me next
unpack the experiential richness inhering to the infant water table (Figure 119). Seeing
this was a most serendipitous action research outcome for me, in that I had put a note on
my worktable several weeks prior, “Design infant water table,” but had not experienced
any epiphanies in that regard. I just felt that it was a reasonable idea. From years of
watching parents trying to figure out how to let their infants play with the original
iteration of the CMH water table, generally with awkward effort and often with less
than positive outcomes, I knew this to be a valid design goal for the new iteration.
COSI designers, I must say, solved this loosely articulated problem (how to safely give
infants a water experience in the context of the museum) beautifully and brilliantly.
Each infant seat has a seat belt, so fears of a baby falling or drowning are
effectively eliminated. Immediately in front of them as they are seated, then, is an
appropriately shallow miniature stream, less than an inch deep, formed by the slightly
recessed pool inside the ring of seats on one side and a recursively looping lip on the
other, closer to the center. That center is the water source, a little circular pool fed by a
very overscaled faucet apparently floating mysteriously a few feet above it, reminiscent
of Claes Oldenburg’s sculptures of giant everyday objects. “People are attracted to very
big things and to very small things” (Falk & Dierking, 2000. P. 127; citation deleted).
In fact, the evidently disembodied faucet sits atop a cylinder of clear acrylic; water is
pumped up the interior of the cylinder and then shunted out so that it flows back down
the outside, creating an interesting illusion and also, since the water falls a few feet, a
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nicely activated pool beneath, in constant but not overly active motion. In delicate
contrast to the visual and aural rush of this fountain, each child has located about two
feet in front of her a diminutive bubbler, which gurgles a tiny waterspout into the air,
out of reach but immediately in the range of her visual field. Within this exquisite
theatre of infant opportunity, babies can splash with their hands in the water, attend to
the quiet plashing sounds, and play with a large variety of age-appropriate water toys—
including, naturally, yellow rubber ducks.
I am intrigued by the question of how babies are thinking about that faucet
pouring water continually, with no evident source. A considerable body of research has
emerged in the past decade clarifying the perceptual capabilities and proclivities of
infants, including the very young. A number of them, including Baillargeon (1994),
Spelke (e.g., Spelke, Hofsten, & Kestenbaum, 1989), and Gopnik (cf. Maher, 2003)
provide compelling evidence that babies are very aware of, and appear noticeably
disconcerted by, instances when impossible actions appear to occur, such as when two
objects seem to occupy the same space at the same time. Since these capacities hold for
children well below the age of having had experiences manipulating objects, their
method of comprehension is as yet unproven, although hard-wiring (a geneticallyendowed predisposition to be able to deeply parse the physical world through multiple
modalities and without prior experience with the particulars of the objects being
investigated) seems to be the most compelling rationale offered thus far. If, then, an
infant can aptly assess the evidence and thus “catch an adult out” across a wide
spectrum of duplicitous or counterfactual experimental contexts, it would seem
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Figure 120. Stream table
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reasonable to surmise that she or he might be more than a little suspicious about that
very unorthodox water faucet.
I would now like to consider the anchoring element of the H2O COMPANY
exhibit, the stream table. As attractive a constellation of interesting activities as the
introductory enclosed booth provides, it additionally allows children to see through it to
the inviting space beyond it, at least peripherally as they focus on the causal
relationships which all the spinning and bobbing devices with which they are playing
suggest. Thus, the unit does not become a bottleneck; family groups, attuned as they
are to the presence of others behind them implicitly waiting a turn, seem to move on in
socially mediated courtesy and begin investigating the various direct-action affordances
available in the stream table proper.
That construction, basically a long channel with gently modulated changes in
width and angle along its course, is simple in its interior layout (Figure 120). It is
equipped with a set of four locks at its higher end, and then meanders at a slow ripple
the rest of the way, interrupted only by a few very abstract islands. These punctuate
elements, smooth disks about a foot in diameter which protrude just above the shallow
depth of the flow, provide subtle stages for dryer play, perhaps with some of the small
figures which are part of the panoply of floatable and sinkable toys available.

At the

same time, they seem to require a bit more nuanced interpretation than they would if
they were naturalistic in detail. Thus, they are perhaps more provocative to the
involved child, suggesting a procedural question to be mulled over internally or through
self-talk (“What might I do with these round things in the middle of the water”) rather
than an answer (“That has rocks and trees; it must be an island.”) or merely a semantic
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question to another person (“Mom, what do you call a lump with rocks and trees in the
middle of the water?”). (Clark, 1997, provides a particularly rich treatment of
implications of self-talk for cognitive science, as does Gladwell, 2000, esp. pp. 118121). Comparable subtle inflection of the overall plan of the stream table likewise
provides subliminal behavior cueing, in my estimation. From a child’s perspective (that
is, literal standpoint), this raised pond has parts that bulge out and others that curve in or
angle back, and consequently is more interesting, and thus is deserving, or perhaps even
requiring, of a slower, more involved traversing and investigating, than it would if it
was but a straight tank.
A design decision worth noting is that there is a significant lip or berm along the
top edge of the table for its full length. While this provides a nice architectural detail, a
visual framing device to draw attention to the stream rather than the base, that is
secondary. The main functional advantage it offers is a space beneath for children’s
feet. Those few inches of space allow a child to really connect with the water since they
are standing immediately in front of it rather than a foot’s length away. (The same sort
of basic ergonomic consideration provides the explanation for the kick space under
kitchen or office cabinets and counters). Still, it’s the exception rather than the rule in
the examples I have been researching.
Similar impeccable detailing is evident in the deeply rounded comers of the
yellow booth base (eliminating the majority of a potential protruding safety hazard), and
in the way in which that unit and the stream table have been integrated. In the latter
instance, the octagon has been, as it were, insinuated into extended wings of the table,
providing a seamless fit, as well as generating a wider pool at that point than would
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have been possible had the more standard approach been used, that is, of simply
bringing the table directly off only the full side of the octagon (Figure 121).
The locks installed here are the most child-usable I have seen, totally simplified
to their essence of structural requirements, and color-cued as well. They are set in two
pairs, the higher of the two (which double as source pools for the stream) the
shallowest, the next pair deeper, leading then to the full depth of the rest of the system,
in an elegantly comprehensible geometry. Each is simply the combination of a limitedrange sliding vertical panel with a molded-in handle, at just the right height and distance
in from the edge of the table for a child to grasp easily and comfortably, and light
enough to be lifted or set back easily. These bright red gates thus telegraph their
function to children: they are clearly different from all the rest of the very blue system.
The channels in which they move are integrally cast in an attractive crenellated
array, visually enhancing the structural attributes of the system that point, quite clearly
and logically, toward the conceptual underpinnings of the actions involved in
manipulating them to control water flow in quite substantial volumes. Even the precise
placement of the oval cutouts of the handles is deliberate; since the holes pierce the
panels slightly below the top edges, they are the points through which water flows when
the gates are shut, thus creating miniature waterfalls because of the constrained space
through which the water must pass. I would suggest that this is an analogue exemplar
to the elegant and parsimonious Archimedean screw configuration for young children at
Carnegie Science Center, described previously, worthy of extensive replication by
virtue of its excellence. The detail of staff-only access to the mechanicals, discreetly
recessed and child-safe, is equally simple and refined (Figure 122).
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Figure 122. Unobtrusive access hardware
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The comprehensibility and legibility of the H2O COMPANY derives from the
lucid layout of overall space, exceedingly generous and with large windows bringing
natural light flooding in. Such ample space seems in some ineffable way also to impact
the way people experience time while there, as well. Generosity of ambience seems to
promote generosity of interaction; thus, adults feel less situational pressure to move on,
a minimal degree of any tacit sense that they are preventing another family from having
the opportunity to partake of the experience. Sight lines are also open, so parents can
relax a bit more, feeling comfortable in their ability to keep even small children in view
without the caregiver needing to hover.
Finally, in an environment such as a water exhibit which promotes in children
high levels both of concentration on activity and of gross motor activity, a spacious area
tends to reduce if not eliminate random accidents, which so often happen because
children don’t have the luxury of enough unimpeded space to be able to notice
peripherally when their exuberance is about to cause them to collide with someone or
something. The spatial comprehensibility also enables children to accommodate readily
to this new environment; more expeditious transitioning engenders a less stressful
experience for them, and thus, in all probability, for their caregivers as well. Finally,
even the deeply incised patterned neoprene floor surfacing material seemed ideally
suited for the environment, attractive, durable, and very slip-resistant even when wet.
In short, at both the macro and micro levels of analysis, COSI’s preschoolers’ waterplay
exhibit provided a prime exemplar for the CMH At the Canal’s Edge project team.
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Cinergy Children’s Museum, Cincinnati. OH
The next morning, before driving on to Indianapolis, I stopped in Cincinnati at
the Cinergy [sic] Children’s Museum, which, along with the Cincinnati History
Museum and the Museum of Natural History and Science, is located at the Cincinnati
Museum Center in the restored 1929 Union Terminal train station (Figures 123 and
124). “Progressive search explains how the maker can achieve a creative outcome—
through a series of progressive steps unimpressive in comparison to the final
attainment” (Perkins, 1981, p. 149). In keeping with Perkins’ observation, this
increment in the cycle of visits was a modest step, yet substantive in contribution to the
project gestalt. I visited Cinergy primarily to view and photodocument the exhibit
called Water Works, one of the most extensive and expansive of the water exhibits I was
privileged to see. This creation is fabricated principally from stainless steel, so it is
rather unremittingly proto-industrial in appearance. That quality, however, seemed in
no way to impede the degree of engagement with the various stations on the part of the
numerous family groups using the space the afternoon I visited.
Water Works is essentially a single complex looping linear stream table,
principally freestanding, which undulates polymorphically around the space, widening
into large pools at several strategic nodes (Figure 125). The front of the exhibit is
visually open to adjoining galleries; its demarcation is defined primarily by a very long
curving wooden bench, the shape of which is mimetic of the water table forms. The
stream system changes in heights, generally in 4” to 6” increments, along its
considerable length. The segment directly abutting a side wall, in a back corner of the
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Figure 123. Cinergy Children’s Museum, Cincinnati OH

Figure 124. Cinergy’s thematically inviting art deco water terrace
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Figure 125. Water Works exhibit overview

Figure 126. Naturalistic waterfall in airbrushed landscape
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space, is intended to support rather more naturalistic play. It features a ceiling-to-tablescale waterfall tumbling down a rather schematically modeled and airbrush-detailed
mountain landscape (Figure 126). It also supports a bridge-completion station (Figure
127). While the execution of this concept seemed problematic to me (it is placed, for
instance, in such a way that smaller children, or those in wheelchairs, would have
considerable difficulty in even reaching much less working with the extant portion of
the bridge), the concept itself is eminently viable.
Compared to such apparatus-filled venues as Chattanooga, the broad reaches of
this system appear a bit spare, even stark. The integral activity stations, however, are
crisp, display a range of scales even the largest of which is merely impressive rather
than daunting, and are uniformly engineered and maintained beautifully. Everything
was working as designed the day I was there; given the multiplicity of complex
mechanical interactives in place, this level of professionalism is estimable.
The widest pools are maximized in utility through aggregating the largest
physics playground sorts of apparatus there. Some of these are systemically
interconnected, others simply proximate (Figure 128). Because of the distant placement
of the lone pulley operating standpoint from the tall tower supporting the spouted
bucket which its manipulation controls (Figure 129), that whole theater of operations is
expansive (Figure 130), with a span of perhaps twelve feet across which children have
control (to a greater or lesser extent). This somewhat challenging and potentially multi¬
user arrangement then meshes with several crank-activated stations (Figure 131). The
most dramatic of these affords children the chance to hoist water nearly six feet up an
angled bin-equipped conveyor, from which its artificial waterfall pours into a shunting
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Figure 128. Wide pool with equipment to investigate physics of water
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Figure 129. Pulley-equipped bucket-moving tower

Figure 130. Girl spinning crank that powers water escalator
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tank, potentially then—if sufficient volume of flow is achieved—causing a large
vertical water wheel to spin. Also integrated into this core activity zone are several
fixed-position but volume-variable water jets, all stainless steel and brass, marvelously
authentic in look, feel, and operation (Figure 132). These can be powered up (by
turning an industrial-grade petcock) to shoot streams long and powerful enough to reach
and spin two horizontal water wheels (Figure 133). One is equipped with a brass bell
which strikes against a metal pin each time the wheel revolves (rather too insistent a
repetitive clanging, to my way of thinking, but a clear demonstration of causality
nonetheless); the other is topped with a tall pole, an extension of its axle, with several
colored balls tethered at its cap. If the system is moving at full speed, the spinning
spheres twirl horizontally, an interestingly distinct exteriorization of power transfer
from the ringing bell, hence a potentially potent device for uncovering a robust
scientific phenomenon (Figure 134). This is the sort of direct, transparent
demonstration of outcomes that I subsequently proposed as a mandate to the CMH
design group: clear causality, no black boxes, limited possibility for misconstrual.
While on the topic of making such transmission of power a visible or
proprioceptive experience, I would like to comment on the mechanisms selected by the
Cincinnati designers, and the method they have used to showcase them. All their rotary
power transfer points employ 90° gear configurations, which are open to view, simply
shielded with clear acrylic panels (Figure 135). The children provide the power by
turning thick, large-diameter polyethylene discs that spin the shafts or axles which
rotate the gears that then are visibly, directly connected to a physical result, such as
moving water up the escalator (Figure 136). This choice of device poses some minor

419

Figure 131. Boy guiding water bucket by means of multiple pulley ropes

Figure 132. Fixed-position water jet with volume-varying valve knob
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Figure 133. Water wheel with bell

Figure 134. Broad spectrum of user ages; ball spinner visible, in operation
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Figure 135. Gear-based 90° rotary power transfer point

Figure 136. Large-diameter polyethylene disc to spin to provide power
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risk (the gear arrangements, potential hazards, are well out of reach at the central areas
of the tables—but children have been known to climb into such off-limits places to
investigate something that engages their attention, so safety is not ensured). However,
the risk has evidently been weighed against the pedagogical benefit, and the
determination made to accept that tradeoff.
An equivalent solution can be seen in the mechanical system powering the water
escalator, specifically a series of long roller chains like those which power bicycles
(Figure 137). This ingenious configuration, too, is open both to view and, in the same
limited way, accessible. It, also, has powerful pedagogical potential: a child who
recognizes the system (thus transferring understanding from one domain to another,
arguably one of the most robust and reliable indicators of genuine, substantive cognitive
efficacy—How people learn (Bransford et al., 2000, esp. pp.235-239) addresses this
topic broadly and deeply—may begin to consider a whole gamut of possibilities of
analogous systems, devices, inventions. At the same time, should that child decide that
he or she simply must get a closer look at how that most interesting setup really works,
the results could be extremely negative. As an index of validity of this perspective, let
me compare this solution with the one in place in Chattanooga, which, while larger and
taller, has the identical function. The latter is absolutely closed to view or reach. In
fact, not only are the mechanicals hidden, even the bins carrying water up the incline
have been encased in steel shrouding for the first four feet of the slope above the stream
(cf. endnote 10, this chapter). I might reiterate that my personal predilection is toward
Cinergy’s design approach, privileging transparency; thus, I am unpacking this not to
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Figure 137. Young girl powering roller chain-drive water escalator

Figure 138. Pool with plumbed outlets for constructivist plumbing
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derogate the Water Works solution, rather to point up the fact that different museums
have different institutional perspectives and policies when such issues emerge.
This exhibit makes use of the somewhat common and highly engaging tubing
and fittings structural system (what I have been terming constructivist plumbing; my
assumption is that such elements become common because they are engaging); their
use, in even more elaborated fashion, has already been described at Pittsburgh
Children’s Museum and in Ocean at COSI. This provides yet another example of
triangulation which emerged from my action research. Seeing analogous learning
devices in use in multiple venues not only supports the validity of their use
pedagogically, it provokes much deeper understanding on my part through revisiting of
conceptual equivalence in distinctly different contexts. This is yet another instance of
the high degree of utility of the AR method for me as a reflective practitioner. There
are actually three separate areas in this stream table equipped with plumbed outlets that
afford the use of this system of push-together/pull-apart pieces (Figure 138). Two
details make the kit of parts selected here particularly effective. Clear tubing is used
rather than opaque, so children can pay close attention to what the water flow looks like
as it courses through the tubes; and valve components are provided, so the potential
range of outcomes becomes much more nuanced: perhaps a precariously complicated
plumbing construction will operate intact under very low water pressure, although it
bursts apart when the stream is turned on full blast. Such issues of force and resultant
are interesting and provocative to both younger and older children (Figure 139).
A powerful (literally and pedagogically) detail incorporated here is the air
blower, which can be directed by moving a handlebar-like control device. By pivoting
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Figure 139. Middle school-age girls creating constructivist plumbing setup

Figure 140. Toddler deeply engaged by the wind machine
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this arrangement, children can direct a substantial blast of air across the surface of the
water. As noted earlier vis-a-vis Pittsburgh’s exhibit, not only is this perceived as great
fun, it also holds the potential for generating conversations or considerations about the
nature of wind, storms, waves, ripples, patterns, and any number of related real-world
relevant topics such as sailing (Figure 140). Perhaps such a device might sufficiently
disequilibrate a child’s thinking that they move beyond the marvelously evocative
common belief noted by Piaget that the wind is caused by the fanning motion of the
trees.
Piaget holds that disequilibrium is of crucial importance in the process of
equilibration, since it is the prime motor of intellectual development.
Disequilibrium motivates the search for better forms of knowledge, and thus
provides the link between one level of equilibrium and the next.
Disequilibrium, or imbalance, occurs when a person encounters an object or
event that he is unable to assimilate due to the inadequacy of his cognitive
structures. In such situations, there is a discrepancy or a conflict between the
child’s schemes and the requirements of the situation. This is accompanied by
feelings of unease. (Ginsburg & Opper, 1988, p. 227)
Waterworks is another venue which includes a snap-together boat building set

(Figure 141). Finally, the detail showing children arranging available materials to
create dams (Figure 142) is quite transferable to the Holyoke project. The small
beanbags are particularly apt, providing the possibility of shaping loose aggregations of
easily-manipulated elements into myriad water-controlling configurations. This sort of
inexact solution to problem solving is both highly commensurate with current models of
effective cognitive strategizing and appropriate for the young CMH target audience,
who can thereby be successful in an enterprise without having to be unduly precise, a
demand set possibly beyond their current skills set. (Again, we are provided with an
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Figure 142. Children aggregating loose materials to create dams
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example of the utility of approximate rather than exact solutions, a most appropriate
consideration when designing learning materials or equipment for young children).
The Children’s Museum of Indianapolis, IN

I will conclude this rather extensive series of analyses of the water exhibit
offerings of various exemplar venues, which collectively formed the principal
constellation of models for the Holyoke project, by unpacking the particulars of three
very different such exhibits at the Children’s Museum of Indianapolis. This is the
largest children’s museum in the world, with over 400,000 square feet of facility space,
some 400 staff (200 full time, 200 part time), a collection of more than 110,000
artifacts, and annual attendance of more than a million visitors.
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Thus, the fact that it

hosts three separate exhibits focused on one core topic is not out of keeping with its
scale or scope. I will discuss each of these in turn, starting with Scienceworks, moving
to Fall Creek Watershed, and ending with Playscape.
I should note that this visit took place during the three-day Association of
Children’s Museums InterActivity (28-30 April 2005), which—marvelously
fortuitously for the ATCE project—was hosted that particular year by the Children’s
Museum of Indianapolis in partnership with ACM. This conference was the anchoring
endpoint to my research trip, and strategically so, given the noteworthy exhibits that I
was able to assess during times when professional development sessions were not in
progress. The nature of the event provides explanation for the fact that there are so
many adults in the photographs, and so few children. It also provides the reason for a
number of images showing Neal Mayer of Wondercabinet manipulating portions of the
exhibit (Figure 143). Neal had just been selected at the beginning of the month by
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Marie and Beth to be the chief designer for the CMH project, so it was fortuitous that
we had the opportunity jointly to investigate these exhibits and discuss ideas that could
be imported into our project—as well as several details that we decided would serve as
models of concepts to jettison, such as tunnel access beneath stream table sections.
Scienceworks (Figure 144) is the largest of Indianapolis’ water exhibits. Over a

decade old, this arrangement is both a bellwether and a benchmark for such exhibitry
nationwide. I find it fitting to wrap up the fieldwork overview with this selection, in
that it includes so many of the sorts of components which currently are being installed,
often promoted as cutting-edge in developmentally appropriate, science-elucidating
equipment. However, Indianapolis Children’s Museum designers laid the groundwork
and provided prototypes and models years ago, and deserve plaudits for their
innovations. Once again, Falk and Dierking (2000) have succinctly encapsulated the
global framework of this sort of recursive sequence of developmental introductions and
subsequent reconsiderations and reiterations by others.
A wealth of research on the physical qualities of the museum context currently
exists. There is absolutely no reason to reinvent the wheel or, even worse,
pretend that reinvention is required. Designers and developers should read the
literature and benefit from the collective wisdom gained from three-quarters of a
century of research on the physical context of museums, (p. 202)
I would, however, respectfully suggest that, precisely in deference to the mandate which
Falk and Dierking also present to the field to be sensitive to context, that some strategic
tweaking of their metaphoric wheel may be called for, so that the precise situated
context can be more effectively identified, given point, and made integral to the final
outcome. This is why, for instance, I believe that Lynchburg’s distinctive and iconic
James River-centered exhibition is so thematically powerful; they incorporated many
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Figure 143. Neal Mayer in Indianapolis

Figure 144. Scienceworks water exhibit
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details to be found here in Indianapolis, but did so within a regionally inflected set of
programmatics; their outcome is consequently very different because their engendering
context (and their consequent contextually-derived emphasis) is so dissimilar.
Not only did Indianapolis Children’s manage to identify, isolate, and codify in
interactively dynamic and imaginative fashion a core panoply of elemental physical
science equipment and apparatus, they demonstrably did so in exceedingly robust ways.
Extrapolating from their attendance figures, we may logically infer that literally
millions of visitors have had their hands on this hands-on exhibit since it first opened.
Given that index of use, the fine condition of the current components provides mute
testimony to the excellent quality of the fabrication, the materials-selection, and, by
inference, the overall design (returning to an earlier point that significant design flaws
lead to a domino effect of failing subcomponents, then components, and finally entire
exhibits). I was not privy to finding out how many iterations of specific mechanicals
have been installed over the years; while most of the components show signs of much
use, they are all fully operational and appear to be totally safe. I would venture to infer
that this in large measure is due to the overbuilding that is everywhere evident.
I will comment on three instances of that structural approach, considering the
pulley superstructure, the pivoting chutes, and the Archimedean screw hardware in turn.
The pulley arrangement, by means of which children can control the position and
motion (thus, combinatorially, the action sequence) of a large bucket, is the multiplepulley system now standard in a number of these exhibits (Figure 145). In this
37

example, the ropes are color cued : the blue raises and lowers the bucket by its handle,
thus maintaining an upright position; the two red move it across the width of the water
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channel, by pulling in either of opposite directions on a polyethylene-sleeved cylinder
sliding the length of a horizontal overhead bar; and the green lifts the trailing bottom
edge of the bucket, causing it either to allow the bucket to fill with water or, at the other
end of its cycle, to dump its contents. As was discussed vis-a-vis the Chattanooga
iteration, such stations afford exemplary opportunity for children to play cooperatively;
they also typically engender as high levels of cognitively inflected conversations as the
participants are capable of, since it is not the sort of apparatus in which individual
action intentions are intuitively obvious and thus are much easier to follow when made
explicit through discussion (or, alternately, motivated gesturing, pointing, or signing).
To return to the point at hand, this configuration is so dramatically overbuilt that
it could easily handle moving full 55 gallon steel drums, much less an industrial rubber
bucket (the latter chosen, undoubtedly, not only for its durability but because, if
accidentally dropped from a height by a child losing control of the [blue] rope, it is
much less likely to damage the channel upon landing). The supporting structure is 4”
diameter stainless steel pipe, and the pulley sheaths are custom fabricated and welded to
the support, and house polymer pulleys for friction reduction (Figure 146). It would
require rather more than a mere destructive impulse or even a focused intent at
deconstruction (as a potent way to more deeply comprehend construction) to damage

such a sturdy creation.
Schauble & Bartlett (1997, p. 785) lucidly explicate multiple salient attributes of
such hands-on, minds-on apparatus, and reinforce my earlier points about haptic
learning:
As children experience first-hand the tradeoffs between effort, distance, and load
lifted, their intuitions about machines are supported in ways that traditional
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Figure 145. Multiple-pulley arrangement to move rubber water bucket

Figure 146. Example of apt overbuilding
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school instruction about simple machines usually cannot provide. Materials and
curricula commonly found in schools typically do not encourage children to
negotiate these trade-offs in the context of play situations that afford extended
practice, and those materials that do exploit mechanical advantage in design
contexts are typically small-scale and thus do not provide the opportunity for
children to experience these ideas “with their bodies.”
The tiered, pivot-mounted chutes or sluices (Figure 147) are likewise effectively
impregnable; no amount of water dumped into them (by means of the dauntingly large
but surprisingly easy to operate crank/gear/scooping paddlewheel apparatus) is going to
bend or dent them (they’re also fabricated of stainless steel, beautifully sculptural, with
thick edge beading for structural reinforcement as well as user safety). They also
present a supremely real artifactual quality, that quotidian facticity that seems so
attractive to children of even young ages, who almost unfailingly seem to choose the
real or the adult over the simulated or the childish when presented with those
alternatives. The only downside to these substantial units is their concomitant weight.
They require more effort to move than small children could manage, especially since
they are not so easily reached; a serious challenge is thus also presented to anyone, child
or adult, trying to pivot them from a wheelchair. Still, when actually manipulated they
offer an interestingly complex spectrum of variable angles of potential interface.
The Archimedean screw system is yet another proto-industrial operating
mechanism. Utterly unlike the aforementioned nearby geared system (Figure 148)
which raises water to the chutes by means of spinning a large wheel with curving
collector vanes encased within a narrow cylinder, in which all the components are
visible, either encased in clear acrylic or in metal mesh cages, the primary drivetrain
parts of this setup are hidden. The result has a no-frills, garage-workshop sort of
appeal, with a well-worn gearbox painted safety yellow (Figure 149). It looks like it
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Figure 147. Crank-run scooping paddlewheel and tiered pivoting chutes
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belongs on a tractor, and connects to a ductwork-like safety shroud for the final chain
drive. However, the gearing ratios have been well thought out: the screw proper, seated
in its clear cylindrical housing, moves swiftly and smoothly, efficiently raising a steady
vortex of water (albeit requiring many enthusiastic turnings of the powering crank
wheel for that affordance to occur).
This, at bottom, provides precisely the opposite experiential opportunity to that
generated by the analogous system in the Carnegie exhibition. Where that was focused
on the device powering the arrangement, which was overscaled and simplified to make
its causal connections as evident as possible, and the water-raising aspect emerges
almost as an afterthought, this is all about the helictical resultant vector. Evidently the
designer of this device saw the function as the core attribute, and felt that the way that
occurs is much less salient. While such shielding tends not to be my personal
predilection—as noted (e.g., Chapter 1, The physical environment section) transparency
of function has long served, both implicitly and explicitly, as a core intentionality in my
design work for the children’s museum field—it nonetheless makes pedagogical sense.
It parses the actions into primary and secondary, then lenses only the former, placing
the latter firmly out of sight and consequently—at least for the moment—out of mind.
I would like for a moment to lens back to a macroscale perspective from this
detail-focused one, to give some additional attention to the grand schema of this
exhibition. Again, in spite of its age, thus relative lack of models of the genre from
which to work, this configuration embodies several elemental design principles that are
still unique to it, and very rich in immersive educational value. The primary of these is
the dramatic admixture of levels in the floor plan, impacting both the topological layout

437

Figure 149. Archimedean screw configuration

Figure 150. Mayer with multiple interlinking interactive hands-on systems
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of the stream tables themselves and the corresponding pedestrian walkways, some
gradually ramped, affording access to them (Figure 150). This multi-tiered layout
generates an inordinately complex visual and kinesthetic experience for the participants
in the experiential space, presenting myriad perspectives of dramatically different
aspect, thus in aggregate permitting the construction of a kaleidoscopic synthesis of
standpoints (Figure 151). This variety, however, does not read as chaotic or
impenetrable, due to the unifying choice of materials and the obvious visual
interconnections in the deployment of angled elements. Because of its interstitial
ramps, the space is also nearly fully navigable by visitors in wheelchairs or with other
mobility challenges, long an important consideration to me.
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This plan likewise creates an astonishing number of different activity points and
reflection or observation stations (Figure 152), where for instance the somewhat
39

sensorially overloaded child' , or the one who learns better intrapersonally than
40

interpersonally , can choose to be actively viewing the learning landscape, and perhaps
overtly or covertly observing interactions other visitors are engaged in with the
equipment or with one another in that landscape, without having to feel either obtrusive
or intrusive. Such largesse of opportunity can only occur in venues like Indianapolis,
which are blessed with so much overall square footage that they can afford to be
generous with each individual element all across their expansive offerings. This did
bring up a salient point for the Children’s Museum at Holyoke project, namely that,
while intensive interactions with the water exhibit were the overarching goal, it was yet
a most appropriate subtext to allow for a reflective, quiet space, water-focused in a
different, rather more circumspect way, where children can find a calm area in which to
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Figure 151. Complex spatial exhibit layout with under-table tunnel access

Figure 152. Multi-level stream tables with waterfalls and damming matrix
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regroup, refocus, and perhaps consolidate their new learning. This took on the
shorthand in the planning group of a tiny, circumscribed reflecting pool or a low
waterfall. It is still in consideration as a future elaboration of At the Canal’s Edge.
The tantalizing quality of the spatial organization of this expansive exhibit area,
its capacity to lead children on from one element or vantage point to the next by
inflection of space, is especially evident in several punctuate details. There are several
long cutouts infilled with removable panels in the channel sides (Figure 153); they are
not readily reached—and in fact may be entirely out of reach to visitors in
wheelchairs—but they are terrific goals, in that when the panels are slid out, a huge
gush of water shunts out through the fenestration and cascades into the lower channel
several feet below. The other detail—again unfortunately only accessible to ambulatory
visitors—is a totally enclosed activity area, a diminutive zone surrounded by flowing
water on all sides (Figure 154). Effectively an island of negative space within a
geometric river, this standpoint offers a particularly unorthodox vantage point from
which to examine, assess, and interact with the exhibit.
Two additional aspects of the large exhibit need to be mentioned, in that they
each had potential referentiality to CMH. The first is the set of series-plumbed valves,
each of which regulates the volume of water flowing to a gush-activated component
several feet away (Figure 155). As in the rest of the exhibition, there is no signage
cueing the operation of the system; children are simply given the opportunity to “mess
about”41 with the controls and work to figure out the resultants. This may prove
frustrating for some children, but to my mind the positive outcome, the endorphinenhanced cognitive reward that comes from successfully ascertaining how something
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Figure 153. Channel sides with cutout which may be dammed

Figure 154. Tunnel-accessible open core to wrap-around stream layout
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works, more than compensates for any induced frustration or lack of instant
gratification. The same sort of elementary challenge is provoked by the triadic
sequence of locks (Figure 156). These emerge from the “looser is better” school of
conceptual approach to design: even closed, they are not perfectly watertight—but their
thick rubber panels form an imperfect yet perfectly adequate seal so that water will
build up behind them much faster than it pours out around them. Admittedly clunky,
even awkward, they are nonetheless appealingly manipulate by children at even low
levels of gross motor capability. Such a construct of requisite sufficiency rather than
absolute perfection could be, to my way of conceptualizing appropriate children’s
museum design, aptly emblazoned above all designer’s and fabricator’s workstations. I
feel that it provokes a tacit cognizance of the fact that all solutions don’t have to be
exact; my hope is that it will also suggest an even more fundamental real-world reality,
highly congruent with action research protocols, namely that all problems don’t have
just one ideal solution.
Let us now move ahead to the Fall Creek Watershed exhibit. It is unusual in
several regards. For one thing, it is built around a comer, so a portion of the whole is
not visible to users on the opposite end (Figure 157). While a compromising quality if,
for instance, the exhibit is being used by a group with a facilitator who needs each child
in line of sight, it does provide an interesting change from the typical exhibit layout.
Also, the conceptually integral mural, visually organized to provide a place-specific
backdrop siting the valley depicted by the very shallow but topologically complex
stream table, helps to draw the visitor around the comer to see what else might be
revealed (Figure 158).
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The realistic relief work of the table, which incorporates
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Figure 155. Check valve-equipped series of water diverters

Figure 156. Triadic set of locks
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Figure 157. View down the length of the Fall Creek Watershed exhibit

Figure 158. Stream table with shallowtopology and basic mural backdrop
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gently undulating hills and valleys as well as watercourses, is painted in subtle pastel
colors to clarify the topographic depiction. Rock wall fascia and wide granite molding
both set this exhibit off and set it a bit apart from the norm. While the photograph
shows it in a pristine state, I have previously observed it during ordinary operations
when the exhibit is replete with a large variety of stones, gravel, and wood fragments
that allow children to vary the landscape using natural materials and then observe
changes that result from their constructions, such as flooding of valleys.
I should mention that this was an exhibit that I spoke about with the planning
team when we first began meeting. I had seen it at one of my first InterActivities,
which Indianapolis had also hosted, in 1997; what was so memorable about it for me
from that point was that it was equipped with a rainmaker, comparable to the one
discussed in the section on the Amazement Square exhibit On the James. In fact, it had
one additional attribute that made it particularly didactic: it was equipped with a
‘precipitation rheostat’ that afforded staff the option of regulating the intensity of
rainfall, from a light drizzle to a torrential downpour. I thought that was a brilliant
detail, with extraordinary potential for enhancing children’s learning about the physical
science of weather as it impacts regions of the earth. Consequently, I was saddened to
note that it was no longer in place in 2005. However, my Children’s Museum of
Indianapolis staff colleague and informant (see Geertz, 2000, for extended treatment of
that term used in this context) let me know that the elegantly technological overhead
unit had simply been removed for major overhaul; when I checked back in with her
recently, I learned that the apparatus had in fact been replaced as scheduled, and that it
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has been functioning properly since (L. Pillion-Baltrusis, personal communication, 21
July 2007).
The discussion will now conclude with a close look at the small but beautifully
rich, exquisitely crafted Play scape exhibit at Indianapolis Children’s Museum, a
swooping, unitary construction designed to optimally serve the needs of a preschool
audience (Figure 159). With its stepped silhouette and sinuous contours, it combines a
retro look with a post-modern quality. Rather like COSI and Carnegie, this solution is
predicated on a plan of a single spine, here one that has several strategic bends along its
length. Also like those two, all mechanicals are totally enclosed. The assumption
clearly is that it is the water and its properties that is the only topic domain under
consideration; any attempt to make evident the way the water gets there, or how it
leaves, is not deemed pertinent. Unlike the bright colors of the other two, the color
palette here is comprised of more subdued pastel hues except for the bright purple
railings (which, infilled with metal mesh, double as space delimiters). Such quirky
details as the latter, incidentally, are apt items to be brilliantly colored so as to be
emphasized, unmistakable; in that they don’t tend to be part of young children’s
visuospatial vocabulary, they often are the locus of accidents. Large as they may be, I
have noticed that they often seem effectively invisible to toddlers.
The entire water table is certainly configured to afford maximum safety for such
egocentric and single-focus users. There are no sharp comers or edges, no abrupt
transition points, and ample space all around to prevent bottlenecks of engaged toddlers.
The lip-to-floor vertical fascia panels have no protmsions, and all outside perimeter
contours are wrapped with 1” stainless beading (Figure 160), thus are totally rounded
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Figure 159. Playscape exhibit designed for toddlers and preschoolers

Figure 160. Child-safe crafting of stainless steel edges and corners
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and user-friendly. Incidentally, while (as, for instance, at Cincinnati) the entire
structure is fabricated of stainless steel, the color coatings on the skirting panels here
serve to mute substantially the industrial feel of the gestalt that Cinergy’s solution
manifests.
This zone is parsed into three wings, seamlessly connected, with the topmost
pool, at the intersection of two of those wings, serving as the locus for the water source
(Figure 161); the dome-capped bubbler thus sends water both left and right (Figure
162). Each of those extended channels then has several shallow (2”) dams behind taller
stepped-down spillway planes. There are four small circular pools that flare out gently
from the main sluices, one at each end and one at each bend. The steel floors of the two
end pools, the lowest points in the system, are perforated in a matrix to drain the water
through for recirculating (Figure 163). In addition to the series of dams, which of
course can conveniently collect random interesting items as they float along the gentle
current, there are two other inserted configurations which interact or interfere with the
water flow in interesting ways. One is a long narrow stretch of corrugated floor surface,
rather like an overscaled washboard (Figure 164). Its regularity seems ideal to engage
children in pattern investigations, such as stranding graduated size or color arrays of
objects serially along the syncopated route. The other is simply a long, low dividing
wall curving approximately down the middle of one of the long channels (Figure 165).
The only such device I encountered, it seems an ingenious way to significantly change
the nature of play along that stretch of water, since the way it splits the flow also
naturally impacts what flotsam is on one side of the channel or the other (the system is
too wide for small children to reach fully across). While I recognize the possibility that
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Figure 161. Topmost pool serving as systemic source

Figure 162. Dome-capped source bubbler activates surrounding water
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Figure 164. Long narrow section of rippled streambed
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Figure 165. Long center divider bisects lower channel

Figure 166. Color-coordinated bead-composite floor surface
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this can result in negative outcomes—if a child can suddenly no longer reach a desired
object, for instance—it also sets the stage for early negotiation rehearsal: water play
encouraging interaction and concomitant verbal or even simply gestural skill
enhancement (e.g., situationally provoking one child to ask another to please pass over a
targeted item out of the first child’s reach).
This system relies on loose parts to provide individual activities, with one
mechanical exception. A bulging triangular pool located at the comer below the water
source pool is fed by an angled cantilevered chute which directs a stream over a slowturning fixed position stainless waterwheel. While the apparatus seems safe enough,
and provides a nicely punctuate detail to set off the rest of the system, I’m not certain
that it is a worthwhile investment. My guess is that children of the target age here
would have more fun simply interacting with the unimpeded flow of water out of the
wide, slightly elevated feeder chute.
Also worthy of mention is the highly innovative flooring material selected. A
staff person who discussed the water exhibits with me mentioned, somewhat sheepishly,
that the exhibits team had not been happy with previous solutions, and had just installed
this experimental surface the previous week, to have the space looking fully crisp and
resolved when the InterActivity attendees descended on the facility, cameras in hand
(viz., Figures 166 and 167). Given its ingenious character, I can but hope it has good
durability; its appearance and excellent traction are top-tier.
In closing this section, it seems to me appropriate to note that all the elaborated
systemic intricacies of such carefully considered, exquisitely fabricated arenas for
learning may yet be trumped by a pair of magnetic fishing poles (Figure 168). A bright
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Figure 167. Detail of aggregate floor material

Figure 168. Young child fully engaged in autonomous water play
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and active three year old may never so much as glance at the ingenious ripples, dams,
wheels and diverters if an appropriately engaging object or two floats along to capture
all her or his attention. I mean this in no way to hold a negative connotation; on the
contrary, I think it exemplifies constructivist learning, and teaching, at its best: if the
stage setting, the laboratory for learning, is sufficiently rich and provocative, any child
will find a pathway there to an engaging self-selected activity that is of note and interest
to them. To be able to provide such a seamless backdrop that a child can internalize it
readily and fully and then focus in on what is of importance to them at that moment
seems to me an estimable skill, an enviable opportunity, and a grand objective.
AR-inflected incorporation of fieldwork into project development

I would next like to explain the elaborated rationale the fieldwork provided,
especially that which was place-based, situationally-apt, and ecologically-cued (that is,
emphasizing the potential richness of conceptual integration between physical science
and natural science which this water-centered topic supports). Again, conversations
with several of my critical friends at this pivotal juncture provided clarity in these bigpicture areas, as well as in more closely-held domains of growth. This revisiting was
especially helpful for me in terms of my personal praxis-centered learning. During this
phase of reflection on our second AR loop, my optimal stance toward the project
became much clearer to me: to maximize the effectiveness of my input, I had to be first
descriptive, and only later prescriptive. I now had enough information derived from all

my extensive field research that I had external reference points to elucidate virtually all
of my personally-held, theoretically-informed methodological points; such visual
support made it a much simpler task to convey my ideas about appropriate directions for
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the team to take or domains to consider. “Creative thinking has to be understood as
effective navigating among the alternatives” (Perkins, 1981, p. 148).
I was henceforth generally able to refer to extant models, and then use them as
points of departure for forays into alternate design or development areas; even when the
models were inexact parallels to my notions, they were most efficacious if only by
virtue of being neutral because they were sourced elsewhere. Again citing McNiff &
Whitehead (2006, p. 85), my focus was on inquiring of my AR colleagues, “What am I
learning with and from you? What are you learning with and from me?” Neither my
colleagues nor I had vested, ego-driven reasons to hold particular positions, and we now
had a wealth of images and commentary to draw on to explain our ideas. Consequently,
our communication became even more fluid, fluent. I believe the value of my input to
the team was at this point still explicational, starting with the photographs of the various
venues and focused by the drafts of my commentaries on and assessments of them. In
turn, I was the recipient of a steady stream of insightful revisitings, requests for
clarification, or—perhaps most productive—absolute disagreement on the part of my
project partners.
Across the entire project, but particularly vis-a-vis these fieldwork-based
discussions, I was again and again brought up short by the realization that what I took to
be self-evident design and pedagogy was anything but, at least to others. The
complexity involved in persuading collegial but occasionally oppositional professionals
of the veracity of my perspective, or at least of the logic and sensibility underlying it,
was an ongoing source of interesting challenge to my personal and professional praxis.

456

We were all very aware of our equivalent status in the enterprise; far from simplifying
matters, that equivalence often rendered circumstances additionally convoluted, in that
there was no convenient hierarchical framework to allow automatic decision-making.
Instead, each point of contention had to be negotiated to a conclusion satisfactory to all
involved before we were able to move on to the next point, question, or concern.
Playscape, for instance, was considered intently and extensively, in large

measure due to scale. The available space for the ATCE exhibit, while not as
constrained as that in the Indianapolis one, was nonetheless a major concern for the
team throughout. My colleagues felt it would be more logical to focus on a smaller
footprint for the majority of the solution, perhaps even leaving a portion open for future
expansion—exactly what finally transpired, in fact. The encapsulate form of Playscape,
essentially an inflected U-shape in plan, also became a model (comparison with the
final ATCE result shows a strong formal relationship).
During one afternoon meeting we compared and contrasted the water exhibits I
had visited. In so doing, we noted the triangulations of typology: pulley-and-rope
systems; constructivist plumbing; effective incorporation of multiple scales (tiny boats
[e.g., Amazement Square’s delicate carved wood units], larger craft [e.g., Boston’s
tethered barges, Cinergy’s mockup serving as the boat-building project station], fullscale iterations [Lynchburg’s bateau, Boston’s Minnow]); horizontal portholes (Boston,
Chattanooga, Carnegie); Archimedean screws. Particularly relevant models for
elements which have been integrated into the now-completed portion of ATCE included
lock systems and dams as child-operable water-managing units, and inclusion of murals
as significant decoration and didacticism. We also, at this encounter, discussed big-

457

picture issues such as whether to adopt the approach of privileging water play per se or
to focus more specifically on physics-with-water or physics-of-water sensibilities (in the
end, we attempted to integrate the two). My active involvement in these discussions
provided me yet another way to hold myself accountable and to ensure that we were
collectively, and I was individually, consistently operating according to our articulated
values, vision, goals, actions, and outcomes.
Throughout our ongoing considerations, while concluding this front-end
evaluative phase, we even appropriated far-flung concepts such as that of using photos
of found objects or configurations (what Marcel Duchamp called ‘readymades’) that
seemed generative of possible design ideas or solutions as well as such allusive notions
as Reggio’s fountain-building enterprise as a model program to extend constructivist
plumbing systems (cf. Forman, 2005, pp. 218-221). Throughout, in keeping with the
Connecticut in the Classroom Initiative findings and guidelines, such exemplars of deep

connections to future programs were consistently emphasized; these encompassed both
sharply time-constrained and highly topically focused examples, crafted for use with
school groups, and other, more loosely organized versions, cued to being implemented
with daycare, preschool, Junior Volunteer, or camp groups. Some additional factors
considered in passing at this juncture follow, in bulleted format.
• Ecological (e.g., nested) metaprogram, or hierarchy of focus: Macro—
Riverplay; Meso—Waterworks; Micro—(ends with a) bathtub, especially a
Rube Goldbergian one, or one with gigantic feet (or flippers).43
• Exhibits are evocative of le Corbusier’s “machines for living,” although
perhaps that construct should be here adapted as “machines for learning.”
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• What’s transparent or in full view, for pedagogy? What’s hidden, for safety?
• Note that virtually the entirety of Cynergy’s stream table is open underneath
for effortless access; there are positives and negatives to that approach.
• Overbuilding seems an effective way to assure longevity of exhibitry.
• Bridges: Chattanooga compared to Boston, Cynergy (moveable iterations as
opposed to fixed position; complete or partial; schematic vs. accurate forms).
• Cinergy: all stainless steel; Carnegie: stainless stream table liners and some
components; Indy: stainless trays only; other venues: lined or clad with other
material.
• Issues of staff access to mechanicals: Cincinnati’s rectangular panels in the
pool floors, COSI’s constructivist plumbing zone panels.
• COSI: Should we have an art director? How do we ensure that we don’t
focus overly intensively on form to the exclusion of content?
• Waterfalls, even small and schematic, are powerfully engaging features.
• Deeply pattern-incised floor tiles, esp. neoprene or rubber (cf. H2O
COMPANY; also revisited CMH’s use of Dri-Dek® in the bubble area,

enormously durable and with great longevity—designed for nautical and
industrial applications, hence resistant to all manner of use and abuse).
At fine-grain level of details:
• Chutes, of various sizes, many with adjustable angle or direction.
• Difficulty of writing clear signage.
• Pool Weasel®—used every a.m. at Pittsburgh CM—$2000
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• Litmus paper to check alkalinity (pH). Bromine: tablets (also via
Pittsburgh). We also enjoyed their wonderful web site.
Synopsis of secondAR loop

As I will do at the end of the narrative of each of the four principal action
research loops, I will now summarize what we did in each phase of this second loop of
the sequence of cycles.
Plan—formative evaluation
Act—complete second—critical as to summarizing and synthesizing—cycle of visits
Observe—share the new data, generating new models vis-a-vis existing models
Reflect—how did these refine and help to redefine our existing sets of working
assumptions? Compile second cycle of goals, based on this evolving array of insights,
competencies, and general vision for what the project is, or more accurately in terms of
the advancing vision, this clarifying array of images as to what it could be, then, what it
in fact should be.
Baseline of AR Loop 3: what the exhibit will look like, and by extension, work like

Let imagination be your guide.
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In Making museums matter. Steven Weil (2002) discusses organizational
purposiveness in a way that neatly frames the goals and objectives of the development
of At the CanaVs Edge, and which is congruent with the IMLS outcome-based
assessment rubric that served reliably across the project span as a consistently informing
set of parameters.
Purposes (should be) expressed in sufficiently concrete and time-bound ways

that they can serve as a basis for accountability. These are something less than
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the grand (and perhaps ultimately elusive) aspirations of mission; they nestle
inside mission and consist of attainable objectives. They look to results rather
than to distant horizons. Ideally, purposes ought to be expressed in terms of. . .
concrete outcomes. . . . Moreover, the outcomes sought should be potentially
observable. Museums need not confine themselves to seeking quantifiable
results, which are not always possible or even desirable, but some evidence of
accomplishment beyond the good faith or enthusiasm of the staff is necessary if
the museum is to be judged ... on its effectiveness as well as its purposiveness.
... Beyond this, the museum that aspires to first-class rank will supplement its
clearly projected purposes with an equally clear definition of the successful
accomplishment of those purposes. . .. The question is not simply of what
outcomes the organization hopes to produce, but among how many people, in
what area, over what time period, and to what degree. (Pp. 11. ff.)
Weil follows this set of rigorous expectations with a succinct reference to assessment
protocols. While it is too soon in the exhibit’s history to perform an effective
encompassing assessment, he reminds us of what we need to be framing as an array of
salient queries to be responded to in-house over the next few years.
“Summative evaluation”—the process of measuring a program’s results by
its stated goals and objectives—requires something more forthcoming,
something that museums have been slow to furnish. It requires an ability to
articulate just what result the public program is intended to accomplish. Vague
claims of “educational” intent are simply not enough. This is an area in which
museum people need to drill themselves with tougher questions: Why is this
exhibition (or other program) being presented? What precisely is the result
being sought? How is a visitor intended to be affected by participating in the
program? By learning something? Feeling something? Being sensitized to
something? Made more curious about something? Motivated to take action
about something? Entertained or given pleasure? The answers sought need not
be quantitative, but they do need to be susceptible to survey research and they
do need to be discussable. Ambiguity in programmatic purpose is in many ways
parallel to ambiguity in institutional purpose. It undermines accountability. If
there are no expected outcomes, failure becomes impossible. So does any kind
of real evaluation. (Ibid, p. 18.)
Tapping into people’s personal history, creating personal connections with
the institution, and facilitating positive family experiences and interactions are
all ways to build positive expectations and enhance motivations for learning;
they are also excellent ways to facilitate learning. However, attracting visitors
to the museum and providing them with appropriate expectations and
motivations for the visit is only the first step. This is only the promise of a
quality museum experience. The experience itself must fulfill these
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expectations and must directly connect with the unique perspectives,
motivations, prior experiences, interests, and beliefs of the learner for the
promise to be fulfilled. Even a young child brings years of experience to a new
learning situation. The challenge is connecting with and building upon that
experience. (Falk & Dierking, 2000, p. 181)
I will present an abbreviated version of that sort of theory-inflected sensibility
which I continued to bring to the process, and which I endeavored to share with my
colleagues during our time together. This is neither an attempt to formulate a grand
theory of learning through children’s museum exhibits nor an effort to generate an
exhaustive punch list of all necessary contingencies to be held firmly in mind during the
planning of such an exhibit. Rather, it is an effort to loosely encode some generally
useful heuristics, algorithms, sensibilities, and maxims in a short collection of
procedural and operational reminders, all of which remained of utility throughout our
time together.
“Imagining difference (which of course does not mean making it up, but making
it evident) remains a science of which we all have need” (Geertz, 2000, p. 85).
Subsequently (ibid, p. 109; citation deleted), Geertz also privileges a conceptual effort
which “ . . . asserts a relationship among heterogeneous elements in a meaningful
ensemble . ... “ These paired sensibilities encoded for us the essence of what our
planning work from this point forward entailed, namely the discovery or invention of
significant categorical imperatives which could provide us an heuristic set of guideposts
for our continued, and recursive, forward motion within the action research loops of
planning, action, observation, and reflection.
First, and for me absolutely foremost, is the requirement to have as an explicit
goal the creation of an environment that is made to support fun, enjoyment, even
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delight. In my conceptual schema of how genuine learning takes place, a schema
informed by more than thirty years of reading about and thinking about cognitive
processes and, most recently, by the implications of brain-based research for those
processes, such an enriched environment is requisite to all the sorts of deeply felt, richly
connected, robust, and durable learning that children’s museums seek to engender and
support. This is neither a trivial nor a simple goal to achieve. It is one thing simply to
generate edutainment; the Imagineering team at Disney has been doing that
expeditiously for decades.
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It is a very different intent, however, to render the sort of

multivalent, multimodal, developmentally appropriate and idea-evocative exemplary
educational environment predicated on the inherent human delight in learning which
has become the core attribute of children’s discovery museums. In a talk that he gave
during the Playing for Keeps conference at Yale in 2003,
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Robert Sternberg

encouraged those of us in attendance who are professionals working in the service of
children to strive for what he called BPOs, that is, Best Possible Outcomes. I find this a
most engaging and appropriately framed challenge, one which I think is implicit in the
requirements, indeed mandates, sketched out above.
Second, the entire enterprise must be geared to the visitor, to their needs,
capabilities, interests, wishes and intentionalities. “The driving force in the design of
exhibits has to be the visitor’s response” (Falk & Dierking, 1992, p. 149). It needs to be
Vygotskian to a fault, with the inherent capacity designed in to scaffold the developing
understandings of children and adults alike, by providing multiple paths of entry to the
topic areas that permit each participant to approach the opportunities presented at their
developmental level. “Not only are chances of acquiring understanding enhanced if
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multiple entry points are recognized and utilized, but in addition, the way in which we
conceptualize understanding is broadened” (Gardner, 1991, p. 13). This is one of the
most challenging mandates of all, in my experience. Even if one takes advantage of the
opportunity which signage can provide to cue and possibly even orchestrate visitors’
use of the exhibit, the framing of issues in ways that connect to each visitor’s (differing)
Zone of Proximal Development (Vygotsky, 1962; cf. esp. p. 103) is extraordinarily
complex. To paraphrase the Harvard Piagetian Eleanor Duckworth, it requires great
effort to find a way to ask a question that does not at the same time tell its answer
(Duckworth, 1987, p. 87). I might add that it requires, as well, insight, skill, and—
often—experience.
There exists, however, an obverse to this capacity, namely the ability to
recognize the sorts of things that are not necessarily likely to be discovered, invented, or
teased out by a child in the limited time frame of experiencing a given exhibit: such
things are appropriately told or shown, whether by an interpreter at the exhibit, a sign, a
drawing, photograph, or similar graphical presentation, or a video clip. An example—
also provoked by Duckworth’s writing (ibid, p. 51)—is the using of a drop of water as a
lens. Giving children this piece of information rather than trying to set up a contrived
scenario through which they might notice it on their own doesn’t rob the optical
phenomenon of its mystery and appeal, it just provides a provocative standpoint from
which children can then begin to look at their world from a literally different (and
readily replicable) perspective—and one most applicable to the project at hand.
Another metaview that I gleaned from the 2003 Yale conference mentioned
above that I believe connects powerfully with the ATCE enterprise is the realization that
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this is but another set of tools that children can use to learn to manage the world around
them. That is, it’s neither the be-all and end-all, nor, conversely, “merely” play; rather,
it emerges as something located somewhere between those dimensional poles, with the
potential to be both an actual and a conceptual tool kit, an environment redolent with
the capacity to encourage not only thinking and visiting but rethinking and revisiting.
A related construct (and a core tenet of action research) derived from
Duckworth’s illuminating work about learning and teaching, The having of wonderful
ideas, is that we must hold as an explicit professional expectation the need to be
metacognitive and to think deeply and consistently about other people’s thinking as
well. She quotes (ibid, p. 85) a statement by one of her students, also a teacher, on the
fundamental nature of this stance: “ . . . the biggest thing is understanding how someone
else is understanding something—like exercising my understanding of understanding.”
This metacognitive viewpoint is not just pertinent to the current project; it informs one
of the major trends field-wide, noted earlier, toward the end of making the sorts of
learning that take place in children’s museums more transparent. An excerpt from the
Standards of Excellence in Early Learning publication distributed to all attendees at the

2005 ACM InterActivity emphasizes this reality.
The interviews [with expert early childhood educators and practitioners]
emphasized the importance of making learning visible within play—for two
reasons. The first is perhaps defensive—a reaction to the educational debates
that have dichotomized content and process and have lately favored the former
over the latter. Despite widespread agreement among early childhood experts
that play is crucial to child development, it is often undervalued by U.S. society
at large. Standards-based approaches to education have pushed content goals
and testing down to younger and younger ages and have positioned play as a
distraction from learning rather than as one of its most potent forms. In this
environment, it is not enough to support playful approaches to learning—it is
necessary to make that learning visible for all to acknowledge. Parents,
teachers, and others concerned with whether and what their children are learning
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must be assured that play is a form of learning children need and one that will
provide a foundation for other forms of learning later in life.
A second argument for making learning visible relates to the learning experience
itself. Play is indeed a powerful approach to learning and one that all children
use. But not all children learn with the same ease and not all are equally well
supported in their efforts. Making their learning visible—not just to parents and
teachers but to the children themselves—turns out to hold considerable
advantages for the process of learning itself. The efforts of the Reggio Emilia
preschools in Italy have demonstrated how making learning visible to the learner
can, in turn, lead to more rapid and effective learning for individuals and groups.
Giving children opportunities to document their learning and to reflect on it
helps them learn how to learn—to take learning developed in one context, revise
it, and apply it to other contexts. (Chicago Children’s Museum, 2005, pp. 9-10)
Categories of content, connection, and conceptualization

The next segment about operational frames (cf. esp. Hall [1976] and Schon
[1983]) is informed principally by the work of Falk and Dierking. I will parse this
construct into three categories: issues of content, issues of connection, and frameworks
for overall exhibit conceptualization. As to content, I believe that it is of primary
import to assume the capacity for appropriate interpretation as the strength visitors
typically bring to the exhibit, rather than a degree of topical expertise.
Experiences and knowledge not only influence what a person is interested in
looking at, but also his capacity to perceive it. . . . Often, exhibit interpretation
establishes complex relationships between objects and ideas. These
relationships may be so well understood by the content experts designing the
exhibit that they are not made explicit on the assumption that the visitor will
understand them. Because most visitors are content novices, it is not surprising
that such abstract presentations are often misunderstood or ignored. (Falk &
Dierking, 1992, p. 107)
Each experience has the potential to be incorporated in learning, but not
every one is. It is probably impossible to determine which experiences will
result in meaningful, long-term learning, and which experiences will not.
Experiences that embody rich components of all three contexts [personal,
physical, and social], though, are most likely to be long-remembered. What we
know about memory and learning strongly supports the contention that richness
of experience and learning are highly correlated. (Ibid, p. 114)
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The overarching topic of the exhibit, that of water, is by its nature far too
expansive to be encapsulated by an exhibit, or even, adequately, by an entire museum
devoted to explicating the science of water.47 However, it is certainly possible to cull a
few core attributes about the substance and unpack these. I have used Philip Ball’s
Life’s matrix as the primary source for a synopsis of such core understandings which
the planning team endeavored to make transparent in the exhibit or related curriculum
and program extensions, such as the following:
When Coleridge’s Ancient Mariner said, “Water, water, everywhere, nor any
drop to drink,” he gave a fair picture of the global situation. The “drop to drink”
is a hundredth of a percent of the world’s water: about one drop in every
bucketful. The proportion of planetary water that is fresh is rather larger—
around 3.5 percent—but most is frozen in the ice caps and mountain glaciers.
As seawater is corrosive and toxic to land-based animals and plants, nearly all of
the water that we use must come from that precious one-hundredth of a percent.
But unlike many other natural resources, water is renewable, continually
replenished by the hydrological cycle.
Around thirty trillion gallons of fresh water are recycled from the sea to the
land every day—a yearly output of 9500 cubic miles, or one-hundredth the
volume of the Mediterranean Sea. But two-thirds of this water returns to the sea
as floodwater, which cannot be captured for human use. Some 1200 cubic miles
more drains away in uninhabited and inaccessible areas. In all, just a quarter to
a third of the total amount of recycled fresh water is easily available to us. (Ball,
2001, p. 337)
Each 3100 years, a volume of water equivalent to all the oceans passes through
the atmosphere, carried there by evaporation and removed by precipitation. Yet
only a thousandth of 1 percent of the planet’s total water resides in the
atmosphere at any moment, enough to deposit just one inch of rain if it all fell
uniformly throughout the world. This constant overturn of water between the
reservoirs on land, in sea, and in sky is called the hydrological cycle . . . and it is
as crucial for life on Earth as is the presence of liquid water in the first place.
(Ibid, p. 25)
Most of the water that falls as rain has found its way into the sky from the sea
surface: the Sun’s heat removes from the oceans the equivalent of three feet in
depth each year—208 cubic miles in total every day. A further 38 cubic miles
evaporates each day from the land surface. Of course, this rate of evaporation
varies widely with the seasons and with geographical location: because the
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tropics are warmer, the rate of evaporation there is at least four times greater
than at the poles. (Ibid, p. 26; cf. also his fig. 2.1, p. 26)
For a cloud to shed rain, the droplets have to grow large enough to fall quickly
through the air. But their growth is rather slow—depending on how big the
condensation nucleus is, it may take a droplet over an hour to reach a size of
twenty microns (about a thousandth of an inch). After it reaches this size,
further growth occurs primarily by coalescence with other droplets rather than
by the condensation of more liquid on the droplet’s surface. A droplet acquires
its limiting descent speed—the free-fall or “terminal” velocity—when the pull of
gravity is balanced by the frictional resistance due to its passage through the air.
A fine drizzle consists of droplets of typically two hundred micrometers (about a
hundredth of an inch) or so across, which reach free fall at a leisurely one and a
half feet per second. Cloud droplets about four-hundredths of an inch across
become fully fledged raindrops, heading earthward with a terminal velocity of
about ten feet per second. (Ibid, p. 62)
It is instructive to compare this data to a section in the Connecticut in the
Classroom Curriculum Guide, made available to Holyoke Public School teachers in
October 2004.
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The selection quoted is from the curriculum for grades 3-5.

Water is constantly cycled between the atmosphere, the ocean and land. This
cycling is a very important process that helps sustain life on earth. Water is an
integral part of life on this planet. It is an odorless, tasteless substance that
covers more than three-fourths of the earth’s surface. Most of the water on
earth, 97% to be exact, is saltwater found in oceans. Only about 3% of earth’s
water is fresh. Two percent of the earths’ water (about 66% of all fresh water) is
in solid form, found in ice caps and glaciers. Because it is frozen and so far
away, the fresh water in ice caps is not available for use by people or plants.
That leaves about 1% of all earth’s water in a form useable to humans and land
animals. This fresh water is found in lakes, rivers, streams, ponds and the
ground (a small amount is also found as vapor in the atmosphere). It is this
fresh water, and the water in the ocean that is most actively “cycled” on earth.
Basically the water cycle can be described as follows: As water evaporates,
vapors rise and condense into clouds. The clouds move over land, and
precipitation falls in the form of rain, ice or snow. The water fills streams and
rivers and eventually flows back into oceans where evaporation continues to
happen. Water’s state (solid, liquid or gas) is determined mostly by
temperature. Although water continuously changes states from solid to liquid to
gas, the amount of water on earth remains constant. There is as much water now
as there was hundreds of millions of years ago. (Children’s Museum at
Holyoke, Holyoke Public Schools, & WGBY/PBS/The Connecticut River
Education Initiative, 2004)
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. .. rivers, lakes, and ponds freeze from the top down. The reason for this has
been known for at least three hundred years: water is densest not when it is
coldest, at 32° F (0° C), but at four degrees above this. As the temperature
increases from freezing point, at first the density increases. Only above 39° F
(4° C) does the density behave “normally,” declining with increasing
temperature. So water close to freezing point can happily [sic] ride on top of
water a few degrees warmer, because it is less dense. (Ball, op. cit., p. 154)
This information connects directly, if not intuitively obviously, to Ball’s prior
point that, “Liquids tend to shrink and become denser, sometimes by as much as 10
percent, when they freeze. But unlike almost every other liquid, when water freezes it
expands and becomes less dense” (ibid, p. 152). This seemingly simple but

conceptually very slippery statement can be the basis for an interesting array of
facilitated learning experiences; one idea under consideration by CMH staff that would
provide such targeted discovery opportunities is a water camp, particularly apt for
summer scheduling. Such an extended (week-long, all-day) series of hands-on, mindson encounters could provide the platform to at least begin to tease apart the challenging
but exceedingly important constructs underlying complex topical considerations like
those framed by Ball above. Additionally, these camps could serve as prototyping
laboratories for development of the next iteration of ^TCE-linked water curriculum to
be incorporated into subsequent years of the Connecticut in the Classroom Initiative.
From such big-picture lensings, the relevant content areas may be more sharply
bounded, dealing with such regional specifics as clarifying the meaning and explicating
the implications of the term watershed as it applies to the Connecticut River.
... the areas that (rivers) drain . .. called drainage basins (also watersheds in
the United States or catchments in the United Kingdom), are defined by the
topography of the land, being typically bordered by ridges beyond which the
next tiny stream feeds ultimately into another river. The shape of a drainage
basin is determined by the river network itself as it incises channels into the
landscape. (Ball, p. 41)

The Connecticut in the Classroom Curriculum Guide (op cit.) makes direct use
of this level of data in the activity Branching out (pp. 68-70). The Objectives which
introduce this section are “to observe the path water takes over a surface, to predict
where water might flow in a watershed, and [to] observe and describe drainage patterns
in a watershed.” The Background/Terms section which follows is quite exhaustive in
providing cues for the teachers using the Guide, incorporating five paragraphs of
descriptive text followed by a brief list of relevant vocabulary. This all leads to an
Action component, with two pages of suggestions for teachers as to how they can
scaffold children’s work, viz., “Students will build a model watershed, create rain
events and map and describe their observations about drainage.”
Finally, the lensings can become very fine-grained, for instance through
investigating particular life forms native to the region. “Only a few aquatic creatures,
such as eels and salmon, are able to move freely between fresh and salt water, by
regulating the saltiness of their body fluids” (Ball, ibid, p. 243). Again, the Curriculum
Guide provides information correlative at this level as well: “Salmon use a variety of
instinctive behaviors to return to the place where they hatched in order to spawn. ...
They use a combination of smell and visual cues to find their breeding stream .. . “ (op
cit., p. 91). Again, programs provide a way to link content suggested by ATCE
watershed thematics and made concrete by mural imagery to such close-grained points.
The next category in our taxonomy of ways to frame the work we were doing as
a planning team is that of connection, of considering how best to ensure that the form
and content presented in the exhibit will be both attended to and comprehended. We
chose to emphasize the research-documented point that visitors will approach the
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exhibit very differently based on their own sets of expectations and needs, and to accept
the concomitant point that each experiential outcome is valid, although some may be
closer to our intentions and expectations than others.
Visitors do not respond passively to exhibits and labels. Rather, they become
actively involved in their immediate environment. Traditionally, museum
professionals have failed to recognize that visitors create their own museum
experience, and yet it is clear after watching visitors that this is what they do.
As they move through museum spaces, visitors selectively look at and examine
objects and labels in exhibits. They ask questions about what they see, hold
discussions with each other, and attempt to personalize and make sense of what
they see. The important aspect of their activity is that it is selective. Visitors
choose, sometimes apparently randomly, what to focus on. The things they
choose to examine are woven into their own museum experience. Each visitor’s
experience is different, because each brings his own personal and social
contexts, because each is differently affected by the physical context, and
because each makes different choices as to which aspects of that context to
focus on. (Falk & Dierking, 1992, p. 67)
This insight was important in that it effectively gave us permission to accept the
variability inherent in museum exhibitry writ large, and to acknowledge and internalize
the fact that it is simply not possible to regulate each child’s chosen path through either
the physical realm or through the array of conceptual dimensions correlated (e.g., co¬
related) to the characteristics of that realm for that particular child. In short, we

recognized that, as planners and designers of an immersive educational environment,
we had to create the most interesting, engaging, and potential-laden elements we were
capable of, and then step away, since in some salient measure it is not even possible to
predict that a given child will even notice a specific component that we worked very
hard at devising, much less that, if they do, they will view it, interact with it, or—
finally—interpret it, in the manner we had anticipated.
Another perception that refined our group’s thinking was that we should strive
to consider the possible range of application of the information presented by the exhibit
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we created even before consolidating the specific data we wished to convey or the
precise form the exhibit might take. Going back to goals articulated during the
Connecticut in the Classroom planning, the core concepts emerged as making learning
about the River as it impacts the lives of everyone living in the Pioneer Valley more
transparent, facilitating parents’ and teachers’ efforts to convey targeted information to
children, and affording children multiple hands-on ways in which to learn progressively
more richly developmental skills and knowledge bases concerning water as it relates to
their lives.
This overview, like so many others, was first codified for us in a passage in the
invaluable work The museum experience (Falk & Dierking, 1992, p. 142).
To make exhibits facilitate learning, museum professionals should begin the
exhibit design process by thinking about how the visitor might use the
knowledge presented in the exhibits rather than thinking about what objects to
exhibit or what ideas to present. This perspective will significantly increase the
probability for overlap between the visitor’s and the museum’s agendas.
Of course, the fact that much of the future use of the exhibit can be considered in terms
of its utility as a point of interface between the Holyoke Public Schools and the
Children’s Museum at Holyoke makes that entire issue of application much easier to
define than is the case in much exhibitry development. The thousands of hours that
have been spent by staff from both institutions during the years of Connecticut in the
Classroom Initiative planning, and the hundreds of pages of protocol-defining
documents that have emerged from all that work, set a baseline for expectations about
and criteria concerning possible use that fill in many methodological and evaluational
blanks that would otherwise have had to be completed by the planning and design team.
Also, the fact that At the Canal’s Edge is a second-generation iteration of a CMH water
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exhibit means that a great number of questions concerning more global use of such an
exhibit have already been answered to staffs satisfaction, and in a generally positive
frame, otherwise no such follow-up exhibit would have been considered.
Another set of framings pertinent to this category of connectivity between
visitor and content could be codified as issues of attracting power (drawing children to
the relevant elements of the exhibit), holding power (ensuring that the experiential and
related cognitive opportunities in each element were sufficiently multivalent so as to
keep the children engaged long enough to at least begin to assimilate the information
embedded therein), and teaching power (providing multiple pathways to various levels
of content so that immersion in the experience of that element virtually ensures that
everyone using it will learn something). While these are terms now of common use in
the museum field, isolating their application in a highly particular context such as this
one is more a matter of gestalt than of any formulaic application. I find that this point
once again suggests the extraordinary array of challenges large and small which inheres
to the conceptualization, design, and development of a high quality CM exhibit.
The final category in this taxonomy of heuristics that the team relied upon to
render its work manageable and compelling might be termed frameworks for overall
exhibit conceptualization and design. Falk and Dierking articulate two sets of these,
each with nine points. The first set of frameworks served to organize our thinking about
overall exhibit goals, the second to concretize considerations about the physical setting.
In designing an exhibit, setting goals is critical. The process should begin
with the conceptualization of the exhibit and be revisited throughout planning
and development. [This, incidentally, was an absolutely core methodological
guideline for us, in large measure since it is precisely parallel to the essential
Action Research protocol of spiral revisiting of goal setting as those goals
evolve across the life of the project]. There should be concept-oriented goals.
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but also affective and psychomotor goals for the learning aspects of the museum
experience. ... The final step in exhibition goal-setting should be ... to analyze
the “contextual overlays” that might influence the visitor’s interaction with the
exhibit. Nine general principles follow ... that may be useful as a framework
for setting exhibit goals.
Personal Context
1. Each visitor learns in a different way, and interprets information through the
lens of previous knowledge, experience, and beliefs.
2. All visitors personalize the museum’s message to conform to their own
understanding and experience.
3. Every visitor arrives with an agenda and a set of expectations for what the
museum visit will hold.
Social Context
4. Most visitors come to the museum as part of a social group, and what visitors
see, do, and remember is mediated by that group.
5. The visitor’s experience within the museum includes docents, guards,
concessionaires, and other visitors.
Physical Context
6. Visitors are drawn to museums because they contain objects outside their
normal experience. Visitors come to “look” in a variety of ways.
7. Visitors are strongly influenced by the physical aspects of museums,
including the architecture, ambience, smell, sounds, and the “feel” of the
place. [I would add that we integrated the potentially rich multi-modal nature
of a water exhibit into our goal to consider universal design principles, which
in large measure consider such attributes as “look,” “feel,” and the like to be
interchangeable across modalities].
8. Visitors encounter an array of experiences from which they select a small
number.
9. The visitor’s attention is strongly influenced by the location of exhibits and
by the museum’s orientation. (Falk & Dierking, 1992, pp. 135 ff.)
In designing the physical context for an educational experience, we suggest
that educators:
•

•

Strive to frame the learner’s experiences within richly described or
appointed, relevant, and appropriately complex environments. Successful
educational developers appreciate that effort invested in creating an
appropriate setting is a waste of neither time nor money but is essential to
the learning process. [Had I to select a single dictum which guided our craft,
it would be this one].
Design the learning environment to help the learner navigate from one
experience to the next, in the absence of overt directions or instructions.
Within the appropriate context, the setting itself helps to direct and motivate
learning.
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•

•

•

•

•

•

•

Have clear goals and appropriate rules and make them explicit. Learners
should always know what is expected of them and how well they are doing.
This implies providing visitors with appropriate advance organizers and
building into all experiences continual, unambiguous feedback to let learners
know whether they are successful at gaining the intended information, skill,
or perspective.
Design experiences so that they have appropriate levels of challenge and the
opportunities for action and thought are always balanced by the skills and
knowledge of the learner.
Attempt to make learning experiences boundless; in other words, the
experience should continue from learners’ innate interests and experiences
and enable them to continue or extend the learning beyond the temporal and
physical confines of a single experience. A museum experience should
provide the visitor with concrete references to past experiences and
suggestions for experiences that will extend and expand upon the learning
experience provided in the museum. For example, provide visitors with lists
of relevant and appropriate television shows, web sites, books, and
magazines that can be accessed after leaving the museum.
Bear in mind that the most compelling learning experiences are allencompassing. All of an individual’s sensory channels become engaged in
the experience, reducing competing information without reducing
complexity. Such all-encompassing experiences provide a sharper focus and
a more memorable experience. This is why multi-channel/multimodal
learning works; it is learning through all the senses.
Pay attention to cleanliness, comfort, and security. In the same way that
learning experiences can be enhanced by creative use of the physical
context, they can be affected by poor ambiance. It is critical that the
museum be perceived as a clean, comfortable, and safe environment. [We
connected this dictum to the ACM current terminology of children’s
museums as safe havens].
Use all of the museum to enhance learning. Learning experiences can and
should happen throughout every part of the museum. Creatively use
restaurants, rest rooms, coatrooms, parking lots, grounds, and gift shops as
physical extensions of museum exhibitions and programs. Think of the
entire museum as a stage, a setting for transformative learning experiences.
Finally, use evaluation—front-end, formative, remedial, and summative—to
help build better, more cost-effective, more learner-centered museum
experiences. Although evaluation adds time and money to the development
process, it is rarely too much to pay for quality feedback from the public.
(Falk & Dierking, 2000, pp. 202-203; citation deleted)

This array of mandates also served as a reminder to pay as much attention as
possible to commentaries made by the participants in our various focus groups, in that
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they can (and in fact did) provide insightful, and insight-provoking, narratives that are
congruent with comprehension. Hein notes,
It is a good rule of thumb to assume that you know less about your visitors than
you think you do. It is certainly better to be confirmed in your belief from
visitor studies than to be surprised as a result of your inadequate assumptions in
the absence of empirical data. The results of front-end evaluations often come
as a surprise to museum staff who are already immersed in the intended topic of
an exhibition and are startled to discover what images and ideas the public does
or does not associate with a subject. (Hein, 1998, p. 164)
A point articulated by Mary Sinker and Ian Russell, two major practitioners influencing
the praxis field-wide, foregrounded another important insight, about emotions.
Exhibits should help visitors develop positive feelings towards anything about
which the exhibit is designed for them to learn. These affective gains, such as
liking the subject; wanting to find out more; and increased interest, curiosity,
and self confidence, are too often overlooked in formal lists of educational
goals. (Sinker & Russell, 1998, p. 10)

Project goals clarification and codification
All the above coalesced into the brief white paper which stated our first cycle of
goals; again, this was a direct outcome of our AR protocol, emerging only after
considerable discussion, review, and reconsiderations—as well as multiple revisions.
Goals of the exhibit development team
We see the rubric underpinning these as twofold: What are we basing these on? What
are we looking for, looking at?
a. Determine “indicators” of making learning visible, “ . . . tools to elevate the quality
of engagement in play ... “ (Chicago Children’s Museum, 2005, p. 13).
b. “The pedagogical trick is to arrange learning activities so that the incentives for
learning are intrinsic to the activity” (Eisner, 1991, p. 180).
c. We want to present everything in such a way as to enhance, encourage, and empower
understanding (being fully cognizant that assessing whether and to what extent this is
happening is even more challenging than developing the rubric for doing so).
d. Specific learning goals as well as global pedagogical intentionalities need to be cued
to appropriate, identifiable developmental levels of visitors.
49
e. Provide multiple opportunities for Piagetian conflict and re-equilibration.
f. Moderate novelty
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g. “Create experiences that spark children’s learning” (A. Boekhoff, School Services
Coordinator, Minnesota Children’s Museum; personal communication, 6 June 2002).
h. Control sight lines [a personal focus, given point by years of design work; cf
Alexander (1977), Hiss (1990)]
This was augmented by the framing of a succinct exhibit mission statement, a
direct response to a suggestion gleaned from colleagues presenting at an AYM
r■

conference.

50

ATCE MISSION STATEMENT
At the Canal’s Edge will provide a delightful, world-class environment in which

children can safely experiment with and have fun with water. The exhibit will scaffold
children’s learning and understanding about water, especially some of its remarkable
properties. Finally, ATCE will provide effective links to the ongoing Connecticut in the
Classroom work, helping children understand their relationship to the Connecticut
watershed, and will become the constructivist center for Initiative programs.
We took a Hein quote for our parallel operating caveat, namely, “It is not
unusual in the museum world for exhibit designers to put up an exhibition with a
specific theme and to have visitors give it a completely different interpretation” (1998,
p. 35). A planning team memo from this period points up these concerns.
Metaqueries
•

•

•

How do we arrange the exhibit so as to encourage and help children to see, feel,
and hear—to perceive, in short—the world as a genuinely astonishing,
remarkable, wonderful, mysterious, yet nonetheless comprehensible place, filled
with incredibly interesting things and ideas?
By extension, how do we make clear the subtle connection between things and
ideas, in such a way that children both grasp that connection and gain facility at
judging it, evaluating and assessing the relationship in empowering fashion, as
well as in such a way that their own extant—albeit revisable—version of those
connections is validated?
How do we effectively provide children an evocative context in which they may
comprehend (e.g., deeply understand), explain, predict, and elaborate?
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•

•

How do we help children both with their theory building and their theory
reformulating, that is, revising in response to evidence. In short, how do we
bring museum theory directly into play at the level of children’s experience?
Alternately: What do we want children to learn? Or, what would we at least
hope they learn? (Subtext: what will we do to seek to ensure that they do, in
fact, learn those things?)
Explicit learning goals

That Holyoke (and its canals) is embedded in the Connecticut River Watershed (and,
thus, what a watershed is and some implications of that reality).
That moving water can be a source of power.
That a complex web of living things is dependent on the river
[It is noteworthy that this point links directly to the exhibit developer’s white paper; cf.
Exhibit developer’s conceptual scheme section later in this chapter].
Implicit learning goals
(E.g., gleaned osmotically, subliminally)
Nested or graduated types of scalar (and spatial) relationships
(rivulet->creekstream -> river; or puddle ->pool ->pond-> lake -> sea-> ocean)
Branching nature of watershed topography
Web of interaccommodations (health or viability of entire ecosystem is interdependent)
Crucial role of water in all living things
Overarching goals
Set up stages on which playful, planful scripts-development can occur, and can be
elaborated so as to render those scripts richer and more complex, and conceivably even
more complete, comprehensive, accurate or evocative.
Craft “ ... dynamic learning environments where students help construct knowledge”
(Gooden, 1996, p. 151).
We are seeking to provide an extraordinarily rich set of possible cues to trigger patterns
of associations for each visitor, while holding in mind the vast array of differences
between those visitors.
Being both effective and efficient
PRIMARY GOAL SETS:
A. Place-based: New England-> Connecticut River Watershed-^Western
Massachusetts->Holyoke->Canals->Children’s Museum at Holyoke-^4/ the Canal's
Edge (e.g., a nested schema, precisely Bronfenbrennerian in organization; cf. Craig,
2007, esp. pp. 22-24).
B. Global: physics^- -^biology<- ->geology<- meteorology <- -^socioeconomics<->history4- -^social psychology . . . (e.g., webbed, omni-interaccommmodative)
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Core construct to unpack: Density. Difficult, not intuitively obvious, redolent with
possibilities for naive conceptions (not the least of which derives from the inaccurate
interchangeability of many related words: weight, volume, size, area, material, et al.)
EXAMPLES OF SPECIFIC QUESTIONS TO BE FRAMED & ADDRESSED (Focus
expands, narrow through broad; these may serve as catalysts to draw attention to
particular exhibit elements, or may be topically connected to program carts)
How does a faucet work? (i.e., what happens inside the unit? What mechanisms
are activated? How do they interact systemically?)
What does an aerator do, and how does it work?
What’s the structural difference between a faucet and a hose nozzle?
What are the physics of such systems? (e.g., size of aperture correlative to
volume of water per unit time).
How is a washbasin like a river basin?
How does the moon affect the tides?
Considerations about goals and intentions:
We need to work through, formalize, and articulate some subtexts, particularities of the
global sorts of constructs: How do Piagetian operations get accessed and enhanced?
Where is the fit for Vygotsky’s Zone of Proximal Development, Dewey’s
experimentation, Montessori’s readiness, Duckworth’s engagements? How, first, do we
specify parameters for such meta-constructs, and, second, how do we determine with
any degree of clarity, much less certainty, whether they have been successfully
broached?
Given that we’re stating that we’re driven by the urge/need to work both from and
toward the vantage stance of the real (not just the quotidian, but the substantial, the
iterative)—the river, the factories that the river’s configuration set the stage for, the
consequent social schemas resultant from that confluence of factors—how closely do
we agree to circumscribe the circumstantiality of our topic area? Is there room for
metaphor in all this facticity, this literalism? For socioeconomic critique? For alterity,
for the suggestion, at minimum, that alternate futurities might with equal plausibility
emerge from our current situation, that changes in praxis might generate different
outcomes depending on attention to differently impacting variables of courses of human
action and their subsequent impacts on the Connecticut River Watershed?
Recursive cycles of consideration:
1. What do we want the exhibit to do?
2. What, then, do we want the exhibit to be?
3. What, finally, do we want the exhibit to look like (in order to achieve that being and
doing)?
These last three points proved, after the fact, to correspond neatly to the three
initial AR loops that emerged over the course of the first eighteen months of project
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development (the overall project, to the point of installation, took just over two years).
We also compiled a white paper of potential programmatic elaborations of a waterfocused, Connecticut River-based exhibit as we envisioned it at this time.
Program details (extensions of exhibits, or triggers for exhibits)
Estimating/predicting
How much?

Water will flow down this (particular [insertable?]) sluice in ten
seconds? (Easily measurable outcome)
Water will this baggie hold? This carton? (Comparison of
irregular to regular shapes, thus volumes, of containers)

Which?

Of these shapes of boat hulls will go faster? Hold more items?
Best resist sinking?
Of these differently-shaped sluiceways will shunt more water
(through comparison of variables, perhaps width versus depth, or
changes in angle to the horizontal).

INVENTING/DEVISING
Alternate forms of Archimedean screws—again, a variables-comparison exercise:
diameter of helictical tubes or other spiraling channel may change; number of coils per
given length may change; overall diameter or angle of the core cylinder may change.
BUILDING/WORKING (the latter term in the Deweyian sense [cf. Constructivism
elaborated section, Chapter 2])
Boats tiny through huge, with or without sails, rubber band power, outriggers; built for
speed, hauling capability, anti-capsizing capability, minimum weight, maximum
protection (from whitewater rocks, raging seas, etc.). Example: “skim boats,” variants
on sailboards, capable of skimming across a very thin sheet of water.
Marie, Kristen, Charlie, Beth and I also discussed the possibility of enlisting
additional expert support, both from within and from outside the field,51 as well as ways
of better utilizing existing examples, not just in exhibits but in programs, as for instance
are documented quarterly in Hand to Hand, the ACM journal. Also, we reviewed a
number of protocols, punch lists, and frameworks crafted by other children’s museums
for their institutional use in exhibit development which I have obtained across many
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years of attendance at related workshops during ACM InterActivities. These documents
proved useful as general guidelines, although there is limited generalizability from the
methods appropriate for large organizations to the needs of CMH, a smaller mid-size
museum.

Focus groups
These focus groups in aggregate form a nucleus of our front-end evaluation, the
effort to ascertain general visitor understandings of a particular topic under
consideration, that is, “ ... evaluation designed to assess what people knew about or
were interested in knowing about the topic conducted at the beginning of the exhibition
development process” (Falk & Dierking, 2000, p. 183). I facilitated these encounters
with the dual intent of, first, seeking information about stakeholder insights into the
topics of the Connecticut River, its watershed, ecology more globally, and watercentered studies across domains such as science, art, and social sciences; and, second,
attempting to cull interesting, creative, developmentally-relevant ideas that we might
otherwise never come to in our planning team endeavors. I have been a devotee of this
approach to locally-focused data gathering since I attended an Institute on Early
Learning in Boston in 1997. At that conference (Environments for the very young in
museums), Jeanne Vergeront (at that time Vice President of Educational Projects at
Minnesota Children’s Museum), commented about an exhibit recently opened at her
institution: “When Habitot was being planned, focus groups helped extend the concepts
and expand the richness” (personal note from conference proceedings, 8 November
1997; cf. endnote 35, this Chapter). The planning team, Project Director Marie Silver in
particular, was most receptive to the idea and fully grasped the potential utility such
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stakeholder input could have to the ongoing process, and facilitated my gaining access
to the groups whose work will be discussed.
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CMH summer camp participants focus group
I will present the series of six such groups that I facilitated, in order of
increasing age of their participants, to emphasize the developmental aspects of
invaluable insights which their participation and input provided to the planners. The
first two were CMH summer (2004) camp groups. These small groups of small
children provided me some of the most enjoyable encounters I had throughout the
course of all the interesting and engaging work I had the opportunity to do during the
action research for this dissertation. The first focus group, of half a dozen four- and
five-year-olds, was principally conversational in the way it was run, essentially an
extended dialogue with some drawing opportunities at the end; in this instance, I was
trying to get a sense of what these children knew and could communicate about water,
what their feelings about it were, and what activities based on water they most enjoyed
(Figure 169). During this meeting, my colleague Theresa Kamecki photographed the
proceedings.
What emerged principally was a non-stop dialogue among the children, in which
they used one another’s ideas as points of departure for their own thoughts and stories.
Not surprisingly, each of them liked water, enjoyed baths, swimming, and playing in
puddles. Several of the children provided quite extensive descriptions of either favorite
water toys or games, such as “I have two animal squirt toys, a wooly mammoth
(evidently about the size of a cantaloupe, based on the child’s hand gesture) and an
elephant (the size of a pear).” We also learned about a wading pool-based game of
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“spots” held in place by hooks; children take turns blowing bubbles to try to hit the
spots, and they have a way to keep score (though the method was too complex for the
child to communicate, or, more probably, even to recall). One of the children talked
about having been on a boat that, “ ... had a motor and held eleven people.” Another
spoke of a pond by a house in the woods where he goes fishing with his family. This
was quite an extensive monologue, with mention of the rowboat they fish from, the
catfish that blend in with the bottom of the pond, the bait he thinks they use (ears of
com). He said his sister had caught a catfish, using a worm as bait, and that the fish had
“whiskers and pointy teeth.” They also, he said, saw two big turtles there, under a log.
I asked about relative sizes of different bodies of water, and was told (with no
hesitation) that, “Ponds are bigger, lakes are smaller.” They knew that oceans are salty,
but added that seas are not salty. Additional naive conceptions around this topic were,
“Seas are not very close to beaches, really” and “Seas are in the middle of the ocean.” I
asked them to tell me about things that live in water: their reactions all sounded like the
menu at a seafood restaurant, fish, scallops, clams, lobsters, octopus, and squid. I was
told that a squid only has one eye, and that it’s “ ... so easy to draw an octopus!”
(Figure 170).

“Lobsters have these little hands [sic]—they pinch or snap!” (Figure

171). When I asked them if lobsters have tails, I was informed, “If you like them, that
means they have them.”
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Partly due to the last section of the focus group being an

opportunity for the children to draw, they all stayed engaged and attentive for over an
hour, a span of concentration longer than I had expected given the situational
particulars.
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Figure 170. Preschooler’s octopus drawing
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Beyond the validation that the topic of water is engaging to young children and
that they have quite complete, albeit not necessarily what could be considered entirely
accurate, theories of mind54 about it, this encounter pointed up the virtually limitless
array of possibilities open to us as exhibit designers to clarify the particulars of those
theories. In my experience, children will strive to address inconsistencies in their
thinking when conceptual conflict occurs (in Piagetian theory, a phenomenon
particularly likely to happen during conversation with other children), but typically will
not center on the relevant attributes of the inconsistency without some sort of semiotic
help. A passage in Piaget’s theory of intellectual development is useful in clarifying
this point.
One method which promotes the relinquishment of egocentrism is social
interaction. When one child talks to another, he comes to realize that his way of
viewing things is not the only perspective. The child sees that other people do
not necessarily share his opinions. Social interaction inevitably leads to
arguments and discussion: the child’s views are questioned, and he must defend
and justify his opinions. This action forces the child to clarify his thoughts, for
if he wants to convince others of the validity of his own views, the child must
present them clearly and logically. In addition, other people may not be as
tolerant of his inconsistencies as is the child himself, and they do not hesitate to
point them out. Thus social interaction helps the child to recognize the
shortcomings in his thinking and forces him to see other points of view which
may conflict with his own. Such conflicts in schemes or ideas are one of the
mechanisms of progress. Therefore, we see that, in addition to the more
commonly stressed affective side of social interaction—the need to get along
with other people—there is also an important cognitive component. Social
experience not only helps people to adjust to others at an emotional level, but it
also serves to clarify a person’s thinking and ultimately helps him to become
more coherent and logical. (Ginsburg & Opper, 1988, p. 246)
A domain worth investigating, then, is how to build such pointing-to and
pointing-out semiotics into the exhibitry: a nested schematic of relative scale, for
instance, between pond, lake, sea, and ocean might be sufficient to at least bring to the
mind of the child who thinks that a pond is much bigger than a lake that not everyone
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shares her or his theory about that particular issue. If the child is really deeply vested in
working through this instance of Piagetian cognitive conflict, she may actually manage
to evaluate theory of mind so expansively as to recognize that her theory does not
correspond to the generally-held taxonomy of relative scale of these entities (cf. Gopnik
& Melzoff, 1997, esp. p. 125, for extended treatment of young children’s thinking in
such domains). While the design team certainly endeavored to refrain from including
any datum which might engender misconceptions, I believe that it’s structurally and
functionally impossible to attempt to preconsider all misconceptions which children
might bring as their own incipient conceptual baggage to the situation. Again, research
validates this premise about the marvelous elasticity of children’s thinking, and its
utility for the child.
We gather that the characteristics of childhood immaturity may have a logic
other than that of ignorance and incompetence. For example .. . preschool
children are innately unrealistically optimistic. They are not put off by failure.
. . . they overestimate their own skill, and their own memory. Their optimism
makes them persistent and keeps them continuing to learn despite their
incompetence. (Sutton-Smith, 1997, p. 63)
A related observation comes from John Holt:
My seventeen-month-old niece caught sight of my ball point pen the other day,
and reached out for it. It has a plastic cap that fits over the point. She took hold
of it, and after some pushing and pulling, got the cap off. After looking at it, she
put it back on. Then off again; then on again. A good game! Now, if I want to
be able to use my pen, I have to keep it out of sight, for when she sees it, she
wants to play with it. She is so deft at putting it back on that it makes me
wonder about all I’ve read about the lack of coordination in infants and the
imprecision of their movements. Under the right circumstances—when they are
interested—they may be much more skillful than we think.
These quiet summer days I spend many hours watching this baby. What
comes across most vividly is that she is a kind of scientist. She is always
observing and experimenting. She is hardly ever idle. Most of her waking time
she is intensely and purposefully active, soaking up experience and trying to
make sense out of it, trying to find how things around her behave, and trying to
make them behave as she wants them to.
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In the face of what looks like unbroken failure, she is so persistent. Most of
her experiments, her efforts to predict and control her environment, don’t work.
But she goes right on, not the least daunted. Perhaps this is because there are no
penalties attached to failure, except nature’s—usually, if you try to step on a
ball, you fall down. A baby does not react to failure as an adult does, or even a
five-year-old, because she has not yet been made to feel that failure is shame,
disgrace, a crime. Unlike her elders, she is not concerned with protecting herself
against everything that is not easy and familiar; she reaches out to experience,
she embraces life.
Watching this baby, it is hard to credit the popular notion that without outside
rewards and penalties children will not learn. There are some rewards and
penalties in her life; the adults approve of some things she does, and disapprove
of others. But most of the time she lives beyond praise or blame, if only because
most of her learning experiments are unobserved. After all, who thinks about
the meaning of what a baby is doing, so long as she is quiet and contented? But
watch a while and think about it, and you see that she has a strong desire to
make sense of the world around her. Her learning gives her great satisfaction,
whether anyone else notices it or not. (Holt, 1964, pp. 61-62)
To my mind, this finding underscores the reason that the children in this focus
group responded in no substantively different way to comments of their peers whether
those comments were accurate in content or not. They were simply assimilating the
other children’s output to their own input constructions, and moving on.
I ran the second focus group using a very different format. First, I provided a
constrained project theme, namely that of the creation of “canal monsters.”55 Second,
other than the time required to introduce the topic and to discuss collaborative working
arrangements and appropriate safety issues, all available time (a three-hour block in
mid-afternoon) was spent in hands-on creative group efforts. I selected the rather
obliquely related topic because museum staff had just completed a major sculptural
project, done with the full involvement of some of the pre-teen and young adolescent
junior volunteers, in which they created just that, a mythic, whimsical creature that,
rather like the Loch Ness monster, might dwell in the canals of the city. Since that
creation is installed in the museum as a sort of project mascot, I thought that it would
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provide creative impetus to younger children to render their own not-very-scary
versions of water-dwelling mythic entities.
This approach was a rather more wildly imaginative extension of an activity that
I co-facilitated with ten- to twelve-year-old children at the Boston Aquarium, in which
they created their own naturalistic yet artistic tide pool creatures, using recycled
materials from the Boston Children’s Museum Recycling Center, after spending an hour
and a half investigating the characteristics and adaptive attributes of a number of
creatures that actually dwell in tidal pools. While an exercise in fancy on one level, the
enterprise also afforded children the opportunity to reconsider the nature of the
creatures they had been observing and isolate particularly salient features to then
incorporate into their own model “organisms.” That enterprise proved to be one of the
most deeply engaging and satisfying activities I have ever done with children, and can
certainly be adapted to become a standard program activity connected to the new
exhibit in Holyoke. Since the CMH camp group was comprised of four- to eight-yearolds, the thrust was primarily towards whimsy and creative use of materials rather than
the deeper sorts of considerations of structural attributes (gills, fins, tails, sensing
apparatus) that might become primary concerns and creative opportunities for an older
group, or even the same group if multiple meeting opportunities were in place. The
children were totally engaged by the project, worked assiduously throughout the
afternoon, and were, they told me, very happy with the two resulting mythic creatures
which they constructed (Figures 172 and 173). Other than hot glue gun work, which I
did for them for safety reasons, every detail was their own idea and the result of their
own individual and collective ingenuity.
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Figure 171. Preschooler’s lobster drawing

Figure 172. Children creating their canal monster model
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The sorts of details we discussed in the group at the beginning that they thought
such a creature should have if it was going to (as I framed it to them) “entertain and be
interesting to other children coming to the museum” were clearly part of the final
results. Such features included a head that swiveled, long pipe-like arms and legs that
ended in multiple sprayers or squirters, eyes on stalks like lobsters, and lots of valves all
over the bodies of the monsters that could be turned on or off by children (Figure 174).
Results were fully dimensional and evocative; I think that such sculptural devices,
reworked in functional and durable materials, would be delightfully capricious additions
to the exhibit over time. Marie and I have discussed the possibility of securing grant
monies to pay artists-in-residence to create just such water-spewing contrivances,
perhaps in a six-month cycle of creation and replacement, with out-of-use pieces either
then stored for future reuse or donated or sold to other children’s museums or children’s
centers.

CMH Junior Volunteers (JVs) focus group
This group was another delight to work with. The large size of the team of TVs
was purely fortuitous—it just happened to be the largest group that had shown up all
summer on any given day, according to Jenny Ettlestein, the JV coordinator. It
provided an interesting counterpoint to the work I had done previously with smaller
groups of younger children. Jenny was instrumental in facilitating the two-hour
concentrated session; she has great rapport with the young people, so between the two
of us the managing of the process was seamless, a complete pleasure. She also kept
stocks of snacks and drinks available for the group throughout the afternoon. The JVs,
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Figure 173. Eight-year-old with her group’s in-process canal monster

Figure 174. Canal monster model with all-over water spraying outlets
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mostly twelve-year-olds, were attentive, interested, and full of creative ideas about how
to do their projects. They also remained on-task for the duration of the time available to
us, a relief to me since I wasn’t certain the selected project was rich enough to engage
the group for that length of time.
The activity I chose to do with these young people was simply a variant on a
boat-building project. I’ve done boat-making activities with literally hundreds of
children from toddlers to teens, so the general topic was one I find rich and nicely openended, and am exceedingly comfortable with. I adapted it slightly for this group,
however, since a number of the participants were scheduled to be part of the At the
Canal’s Edge project over the next school year. Since part of the grant is tailored to
bringing the Junior Volunteers into the creation of both exhibit elements and programs,
I thought this forum would provide a good venue to prepare them for some of that work.
(Several of the youth had already participated in creating the fish mobile (Figures 175
and 176), so they were totally familiar with the overall project and its subcomponent
goals; others, newer to the enterprise, were brought up to speed about project particulars
during the introductions that Jenny and I gave).
A major goal of the Project Director, specifically built into the IMLS grant
proposal and carefully followed in ATCE project metrics throughout, has been to
provide these youth with substantive experience in mentoring younger children, using
the exhibit as the standpoint and working as tutors and mentors in a formalized way
with groups of younger children from Girls, Inc, another exemplary Holyoke
organization serving children and a long-term CMH partner. Thus, I asked them to
think about how they would introduce a boat-making project to a group of four six- to
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Figure 175. Junior Volunteer with her group’s fish mobile artwork

Figure 176. Detail of richly decorated three-dimensional fish mobile
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eight-year-old children whom each of them would be mentoring in late autumn. I said
that the children would have access to the same sorts of materials available to them (lots
of recycled plastic items and artifacts, primarily). As mentors, they could determine the
guidelines of the project (scale, type of boat, whether or not sails could or should be
incorporated, whether it was an opportunity for fantasy play or more science-directed,
and so on). I gave them the option of either working alone or in small groups; their goal
was to create a model of the sort of boat that they would be asking their mentees to
build that would make it clear to the younger children what they had in mind. I
mentioned that they would have until about 3:30 p.m. to complete their constructions; if
they finished early, they were certainly encouraged to work on a second or third
iteration. We would then move from the project room to the museum floor, where they
could try out their boats in the water table; initial trials could be done in the sink by the
project room, if they needed that option. We would then finish up the afternoon’s work
with a group discussion, evaluation, and debriefing.
Only three of the young people opted to work individually; the rest worked in
dyads or triads (Figure 177). They all went right to work, seemingly fully intent on
envisioned outcomes in spite of the rather loosely-articulated project requirements.
Several things about this focus group were particularly intriguing to me. I was
impressed throughout by the depth of their involvement, the ingenuity they displayed in
making rather obdurate and seemingly intractable materials conform to their
conceptions, and the internal consistency of their projects (Figure 178). While there
was the expected amount of conversation and joking around, essentially these young
people were all business, rapidly deciding on a concept or theme and then, whether
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Figure 177. Junior Volunteer work group

Figure 178. Focus group participants with their boat constructions
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individually or collectively, working to actualize that concept. The particulars of those
intentions were also interesting. I had been moderately concerned that the results would
be too similar, since the available materials—preformed plastic shapes, Styrofoam, pie
tins, and the like—were somewhat constrained, and I’ve worked with many groups in
this age bracket whose constructions only mimicked others’ creations. Those concerns
proved entirely unfounded. The initial ideas these participants had were distinct,
divergent, and personally-informed, and they remained thus across the process of
creation.
I will discuss a number of their products, selected for consideration because they
touch on a range of factors pertinent to the big-picture goals of the At the Canal’s Edge
project. Several of the results were primarily, and very intentionally, whimsical. One,
for instance, was a houseboat; its creator was clearly charmed by the very idea, and
spent much of her time decorating the unit to make it as comfortable as possible,
pointing out to us details including a lounge chair, a television, and a windshield. The
unit also had a wind-up key in its floor, evidently meant to power a spinning, clicking
vertically-set propeller under its hull (this evocative detail suggests a great point of
departure for a whole subactivity about boat physics).
The young woman who fabricated the houseboat was also one of the few
participants to make two boats; her second was very different, a sailboat with an
extremely elaborated keel (Figure 179). Because of that structural detail, however, it
only floated well in the sink; the water table didn’t provide enough depth of water—
fortunately not a flaw that the new ATCE iteration now on the floor displays. Two
youth experimented with a number of different ways of cutting, folding, and taping
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Figure 179. Water table flotation experimentation activity

Figure 180. Teammates working on a series of triangular-huil vessels
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plastic disks to create sundry triangularly-shaped hulls, finally selecting one that had the
greatest depth (Figure 180).56 Another young man crafted a boat that had a pair of large
sails set at opposite ends of a slight hull (Figure 181). When some in-sink
experimentation proved to him that his solution was rather easily swamped, he
retrofitted it with a pair of widely-separated pontoons, resulting in a satisfyingly stable
craft (Figure 182).
Three young women decided to do their own river-based version of an aquatic
children’s TV character; the result was—contrary to my expectation, having rather a
negative attitude towards commercially-inflected work—both amusing and highly
creative, perhaps the most ingenious reuse of found materials demonstrated across this
afternoon of ingenious demonstrations. Finally, one team decided to use two attributes
of a found item (a deep, transparent plastic bin) as the defining characteristics of their
vessel: it was clear, so passengers could see out even in high seas; and it had extremely
high sides, to amplify the sense of security felt by those on board. It was also equipped
with an observation station in its bow (Figure 183).
During the trial runs at the water table (Figure 184), the JVs had the option to
make use of a large fan to produce strong winds to power their sail-equipped craft;
during conversations with several teams, this detail was suggested as a possible exhibit
element. They thought that a wind-tunnel sort of fan that children could turn off or on
as they wished would be a good addition. (I found it of interest that they were
effectively reinventing the wind contrivances in place at the Pittsburgh and Cincinnati
exhibits). As already suggested, the shallow streams produced by the original water
table proved a bit problematic, although the teams, totally of their own initiative,

498

Figure 181. JVs thoughtfully engaged in boat model creation

Figure 182. Twin-sail, pontoon-stabilized craft
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Figure 184. Ongoing focus group trial runs of boat maquettes
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improvised several quick dams that temporarily produced sufficient depth necessary to
test the flotation characteristics of their creations (Figure 185). During the final
discussion and debriefing, that shortcoming of the table was noted several times. The
JVs were clearly annoyed, even indignant, that such an obvious defect hadn’t been
addressed by the designers—of course, I couldn’t agree more. They all said they had
had fun and that they felt confident that they could do the project in the role of mentors
to younger children. The JVs then helped, very efficiently, to clean up the project
room; they then had half an hour of free time in the museum, during which time Jenny
and I processed the afternoon’s work. Several issues of note emerged.
Jenny felt that the activity had been rich and engaging, well suited both to the
interests and skills of her JVs and to the time available. Since most CMH afterschool
programs schedule hour-long slots for specific activities, the actual presentations by
these young people to younger groups will have to be a bit more compressed (or else set
up to extend over several days, an available option but one with logistical complexities,
especially storage of fragile in-process projects). We also discussed limiting the
materials to be used to build the boats, since hot glue was the method of choice for
connecting pieces together and would be much more problematic, especially for safety
reasons, in large groups of younger children (although low-temperature, child-scaled
glue guns might be reasonable alternatives). Precut blocks of wood for PreK-2 groups
might be appropriate, while older groups might begin the activity by cutting their own
hull shapes from lengths of plank using hand-powered coping saws or keyhole saws.
The need to highlight ways to unpack the functions of keels and rudders was noted,
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Figure 185. Team-improvised dam to test floating of various boat designs

Figure 186. Author with two teens welding water sculpture prototypes
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along with considering better ways to frame thinking about reasons for different shapes
of hulls. The wind tunnel notion was revisited, along with the notion that it would be
worth looking into acquiring some tiny waterproof wind-up motors to power propellers.
(Two of the groups had mentioned that their crafts were to be powered by “little
motors,” which was the motivator for this consideration). The idea of connecting the
formally and functionally similar devices of waterwheels and paddlewheels together as
a related activity for older groups was mentioned in passing, as well. While this is
certainly only a sketch of what the final activity with the JVs as mentors might look like
and work like, it proved a most interesting focus group and prototyping session.
Focus groups of older youth
The next AR input is from a full day’s work with two sixteen-year-old boys
doing a late summer welding project to create rough prototypes for sculptures that could
incorporate water as an integral theme and a conceptual hook. The idea behind this
mutually beneficial arrangement was that I would teach the boys the basics of both oxyacetylene and arc welding; in turn, they would talk through their thinking about ways
they envisioned physics of water in a water sculpture. I expressed to them that I
intended to use the experience as a platform for scaffolding my own and my project
team’s thinking about the sorts of arrangements of forms which might lend themselves
to inclusion in water sculpture, elements such as channels, sluices, tiered or terraced
horizontal planes, and the like (Figure 186). I mentioned that I was particularly
interested in their ideas and assessments since they fit the upper age bracket of young
people who would be eventual users of ATCE. Again, Theresa Kamecki provided
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photographic services visually documenting the long afternoon’s activities, a few
examples of which are provided here.
The results proved far more ingenious and apt than I had anticipated. The young
men were extremely motivated and procedurally invested; they really wanted to learn
the requisite skills, so were focused and attentive. At the same time, the challenge of
putting their developing competencies to immediate purpose provided an additional
layer of complexity, adding an interesting dimension of moderate novelty to a learning
sequence more typically focused exclusively on process. The fact that their product,
too, had import and application seemed to give the boys the authentic opportunity to be
full participants in the day’s events; it wasn’t just that I was teaching them a craft that I
know well—they were reciprocating in kind by sharing their good ideas and youthful
insights about how the physics of moving water might be channeled into an interesting
set of aesthetic and pedagogically useful structures. Because of this (initially explicit,
subsequently tacit) ongoing negotiation, they felt doubly pleased, not only with their
learning but with their contribution, their valued—and authentically valuable—input.
To make the enterprise as interesting and experientially diverse as possible, I
provided the two teens with a wide array of sculpturally evocative scrap metal pieces of
as many different shapes and types as I could readily collect: thick bar stock, thin sheet,
stamped forms, channel iron, gears, shafts, rods, grilles, and mesh. Not only did this
give them many object-centered points of departure for the conceptual part of the
process, it provided interesting challenges to their procedural learning curve, such as
how to fasten a thin, oddly-shaped plane to a thick column in a ninety-degree
relationship using light flicks of the arc welder, or how to securely connect unlike
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metals. The latter dilemma entailed affixing a brass horn to a steel grate disk, conceived
of as the top structure from which water would then pour down the rest of the graduallywidening support structure beneath (Figure 187). For that particular materials¬
conjoining, I taught them to braze.
They created three interesting constructions over the course of the day, each
very different, each incorporating conceptions that are exceedingly appropriate to the
water-directing challenge presented. Issues that the boys talked about as they worked to
arrange and connect elements were angle of flow, depth of channels, cantilevering as a
particularly apt way to guide sheets of water, the use of spiraling elements as both
upward-moving source tubes for water and as guides to let it flow back down in
controlled fashion, and some incipient discussion about double helices as a way to
combine those two flow directions into one structure (they used segments of
snowthrower blades to formalize that concept). They also informally negotiated ways
to stack graduated-diameter notched shapes in such a way that water flowing over the
edges would be directed in controlled columns; ways to suspend horizontal fans so that
the blades would be spun by falling streams of water; ways to pivot-mount multi-outlet
toruses so that water pressure would cause them to spray jets of water while spinning;
and ways to alternate thin and wide gently-angled forms to vary the resultant water flow
across them for added visual interest. I also found the fact that their three constructions
have very different readouts to be noteworthy, indicative of a breadth of intuitivelygrasped aesthetic notions and exhibit-use parameters. One water sculpture is tall,
vertically inflected, and attenuated, informed principally by considerations of slow flow
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Figure 187. Brass and steel fountain sculpture prototype

Figure 188. Adolescent’s welded steel abstract waterfall model

506

Figure 189. Teenage project participants crafting spiraling prototype

Figure 190. Intersecting pyramidal forms as water sculpture sketch
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from one element to the next (Figure 188); a second is squat, rather cylindrically
encapsulate, driven rotationally in both principle and form by gears and helices
(Figure 189); the final production is wider than it is tall, basically comprised of two
loosely sketched intersecting pyramids, and more sensitive to considerations of effects
rendered by patterned interruptions of water flow than either of the other two prototypes
(Figure 190).
I find all these solutions and the reflective considerations which precipitated
them not only appropriate but generative. I think they suggest powerful future activities
for structured group work based on At the Canal’s Edge, which might extend across
many years beyond the exhibit’s opening. An example would be having a team of
children construct a fountain. Integrating the ideas engendered by this prototyping
activity with those from the canal monster group’s work may in the future provoke a
synergetically richer constellation of concepts, extensions, and programmatics.
Moving up in the age brackets of stakeholder groups, I will now focus on work
done with two different groups of college students during the 2004-2005 academic year
that was directly focused on the water exhibit development. The first group was
comprised of five students in one of the Human Development courses which I teach at
Holyoke Community College (HCC), the second a small design class of twelve students
at Hampshire College. With my own students, I worked closely and across the span of
a semester; with the Hampshire students, my role was much more limited. I made the
initial contact with the professor teaching the course, negotiated an agreement with her
to incorporate this project into her syllabus as a final project, and did a presentation to
the class in conjunction with Marie Silver, the ATCE Project Director (Figure 191). In
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Figure 191. Project Director Silver presents to Hampshire College students

Figure 192. Hampshire College focus group students
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that encounter, we gave the students and their professor a one-hour crash course or blitz
study
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in children’s museum methods, rationale, and exhibit guidelines, and provided a

succinct summarization of what this particular project entailed (Figure 192). The
professor subsequently used that overview to guide her students in team-based design of
sundry small stand-alone components suitable for incorporation into a water exhibit.
Beyond that stage, Marie served as the liaison between the Hampshire team and the
museum, so I was able to focus on my own students. Because of that workload
distribution, I will focus here exclusively on the results of work done by HCC students.
I include this brief reference to the incorporation of the Hampshire team into the overall
project to point up the breadth as well as depth of my efforts, in tandem with those of
the overall museum team, to bring a wide variety of stakeholders, e.g., individuals
having a broad range of interests in and possible connections to the project, into the
planning process.
These five HCC students did their work on the project as the Community
Service Learning component of their coursework; this is a required portion of many of
the courses that I teach at the college. I had spent a class session early in the semester
discussing children’s learning, accompanied by a slide show from my laptop of various
CM environments, including Houston, Austin, San Antonio, and New Orleans.
During the first month of their work, in an effort to ensure that each person on
the team had adequate understanding of the project goals at least insofar as the Program
Director and the design team had conceived of them and articulated them to that point, I
met with the full group for four one-hour general information and brainstorming
sessions. They also met with one of the professional staff at the museum, who gave
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them a tour of the facility, then spent an hour with them in the (then-existing, i.e.,
original) water exhibit, clarifying details that could transfer to their work, such as ways
in which children tend to use the equipment across a range of circumstances (whether
the museum is quiet or busy, whether the child is part of a family group or a school
group, how deeply the child’s siblings, peers, parents or caregivers, or teachers are
involved in efforts to scaffold the child’s current levels of understandings and
competencies, and the like). She also pointed out many of the flaws, from trivial to
major, that plague staff and visitors alike in their efforts to manage and utilize that
original exhibit. All this information was instrumental in providing my students the
opportunity to consolidate the conceptual understandings they had gleaned to that point
from my introduction to them of the character and goals of the project more globally.
It also provided the standpoint from which they then were able to move on into
their individually determined core work on the project. Three members of the group
opted to research aspects of the science of water which could be used in school group
presentations; another designed a stand-alone terrarium extension of the water table to
be used with groups, such as Junior Volunteers, doing long-term projects at the museum
(its effects are evident only across months or years, but are powerful because they
involve living organisms, one of the most engaging devices with which to invite
children into a topic area).
The projects that Program Director Silver found most useful when she met with
the team and me at the museum were those which provided extensive data sets in
spreadsheet format about food chains in the Connecticut River watershed and which
focused on practical aspects of fishing in the river. She was particularly intrigued with
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the latter work because the fisherman who created it (and who decided to do the work in
the first place because he has been fishing the river for many years and finds it one of
his most intense and predictable “flow” experiences [cf. Csikszentmihalyi, 1997]) is
quite physically challenged, limited especially in strength and function in one arm. In
response, he has devised a number of ingenious devices to enable him to perform
efficiently and effectively all actions necessary for his craft, such as a motorized reel
powered by an adapted rechargeable drill motor. Marie thought that this man’s work
could well serve as the basis for an entire subtext of the exhibit, such as a kiosk about
adaptive equipment and the people who use such extensional aids in ways that refer to
the overarching themes of At the Canal’s Edge.
Final focus group (adult CMH professionals)
Finally, the adult focus group which I facilitated was made up of the
professional staff of the children’s museum. Occurring shortly after Marie was notified
that her grant application to IMLS for the At the Canal’s Edge project had been
approved for funding, in the amount of $120,000 to be disbursed over the next two
years, this focus group was convened with two-fold intention. First, Marie and Beth
Barton, CMH Executive Director, wanted to bring everyone on staff up to full speed on
the project in a timely manner. Second, they wanted to begin to formalize the ongoing
process of keeping project-connected communication lines open among all of the
professional staff so as to maximize both their sense of ownership of the process and its
final outcomes and to summon their enthusiasm for providing relevant creative input
(ideas, questions, concerns, contingencies) to Marie, the point person and planning team
leader, throughout the duration of the enterprise.
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As I write this report and synopsis, with the completed project installed, initially
remediated, and already being elaborated, it occurs to me upon reflection that this was
rather more a pivotal encounter than even the three of us who planned the focus group
ever anticipated. From that focus group forward, all staff members were deeply vested,
and everyone seemed fully on board with both the overall concept and with the various
details and iterations that were shared with them as these were developed; too, they
consistently offered suggestions as to next steps, ways in which to add programming,
raise additional monies, and bring additional school districts in for regular visits based
on this new powerful thematic addition to the museum floor.
I believe, too, with the efficacious lensing of hindsight, that this was the
encounter which concretized for each of us—and, in terms of the project and this
dissertation, particularly for Marie and for me—the requisite frames of reference and
comprehension which guided each step in the process which was to follow. As I
reviewed hundreds of pages of notes from subsequent meetings and e-mails exchanged
among multiple subgroups enmeshed in the procedures, I realized that the core sets of
parameters were formulated during that afternoon’s work session. I am sufficiently
invested in the overall project to think that at least a part of the reason this
comprehensive framework emerged virtually in toto was the pair of succinct position
papers or white papers which I prepared and distributed to each staff person involved
prior to the focus group’s meeting. They were written several weeks apart, and hold
different areas of attention up for emphasis; nonetheless, they have proved quite
generative or provocative, as can be teased out by comparing them to the documents
which provide overviews of the meeting’s outcomes, and which were distributed to the
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staff several days after the meeting and also passed out to other outside members of the
planning team, even those who participated only briefly, over the next several months.
Because of their significant impact on the rest of the process, and most particularly on
the sequence of articulation statements of exhibit goals, I’m going to insert these into
the body of the dissertation rather than treating them as endnotes or appendices.
CMH staff focus group details

5/30/04 Handout 1.
Focus group: Children’s Museum at Holyoke professional staff—initial brainstorming
session about the IMLS-funded water exhibit, At the Canal’s Edge
Purpose: clarification of possible strategic approaches
58

Multiple streams of planning are necessary—with a K/W/L organization :
1. ) What do we (CMH professionals) want children to learn at each station of the
exhibit?
2. ) What do public school teachers want children to learn? As facilitators, we need to
emphasize a two-tiered approach, ideally including both big-picture concepts and
powerful links to curriculum frameworks.
3. ) What is it that parents and caregivers think that children might learn in such an
exhibit? Do they have important insights that we haven’t considered?
4. ) What do (different age groups, as diversely constituted as possible, of) children
want to be able to do there? How, in turn, does this constellation of intuitively-inspired,
na'ive-assumption-informed constructs and concepts both provoke and support
authentic, misconception-correcting (e.g., real/deep) learning, that is, scaffolding
children to new levels of understanding rather than fostering mere perseveration?
More broadly, how does the exhibit support metacognition? How does this set of
intuitively as well as formally accessible elements provide multiple paths of entry (not
only to different types of activities but to different levels of activities, developmentally
appropriate and cued to that particular level of physical, socioemotional and cognitive
development)?
Another way of framing that, and thus of (leading to deeply) thinking about it, is to ask
the question, Are its heuristics transparent?
6/17/04 Handout 2.
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Focus group: Children’s Museum at Holyoke professional staff—initial brainstorming
session about the IMLS-funded water exhibit, At the Canal’s Edge
Primary objective: codify core goals of the water-based exhibit
What do they want children to learn?
How does the physical layout make those learning areas transparent?
Not yet thinking much about what it is, or what it looks like', answers to these questions
will emerge later; rather, our core topic and focus will be what it does. [It is, I believe,
worth mentioning that this parsing was later adopted by the full team, and linked to our
defining our expectations as to what each of our action research loops would deal with].
Possible domains of content—conversation starters only, not exemplars or ideals:
Properties of items which float or sink; density attributes; buoyancy
Water as a tool (hydraulic pressure, energy shunting [dams, mill races, turbines;
as channels for carrying boats]—connects to physics, invention stations
[their own creations, models of da Vinci, Archimedes, Bucky Fuller])
Ways of taking water in (sluices, capillary action, gutters, storm drains)
Ways of keeping water out (skin, raincoats, tents, innumerable forms of roofs)
Permeability, diffusion, wicking—how can such phenomena be made evident to
the youngest children, or to science-phobic others?
Mapping (canal by museum, canals through the town, connections to the river);
also links to the bigger picture source-to-mouth and watershed concepts,
and to macro picture of a global web (utility of metaphor)
Connections between volume, weight, direction of flow, and outcomes (model:
the standard three holes, drilled one above the other, in a soda bottle)
Waterworks: gushing, riffling, roaring, sparkling, eddying, churning . . . and
gulf, bay, fjord, inlet, tide pool, vernal pool, cape, sea, archipelago . . .
Anomalies (whirlpools, falls, cyclones)
As a life-support system; as a lifecycle metaphor
Fountain component (quiet zone)
Discuss ways of making connections to the Massachusetts Curriculum Frameworks
explicit
Where does art come in (Thomas Cole, Turner, Constable, Monet)? Architecture
(Wright, Charles Moore, Lawrence Halprin)? Music (Handel, Telemann)?
How do we specifically answer children’s specific questions (e.g., how does the
propeller move the boat?) without being either trivializing, inaccurate, or
provoking miscues? Can we formalize this? (via a QUESTIONS box, with
answers posted weekly? or done as an interactive kiosk, with links to Holyoke
science teachers, or to the Exploratorium or other science information provider?)
To provide the reader a rich opportunity for comparison of source material,
albeit again one presented in working draft format, I will now include the documents
encapsulating the focus group meeting for which these position papers were prepared.
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followed by a compilation of goals developed the following spring and the final hard
copy of the exhibition conceptual development prepared by the exhibit planning
consultant. These documents summarize both the formal evolution and the content
development that collectively resulted in the criteria upon which the design and
mechanical engineering consultant based his work; in turn, it was his work which was
assessed and bid upon by a number of fabricators. The winner of that bidding process,
MurphyCatton, then fabricated and installed the water table and its supporting
components.59
6/17/04—Follow-up document 1 (synopsis)
Focus group: Children’s Museum at Holyoke professional staff—initial brainstorming
session about the IMLS-funded exhibit, At the Canal’s Edge
Present: Beth, Marie, Kathy, Etta, Deborah, Brenda, Kristen, John (facilitator)
1:30-3:30 p.m.
The staff took this opportunity to generate five flip chart pages of brainstormed concept
development specifics. These have been annotated, and follow. As planned, the crux of
the work done today was codifying the overarching intentionality of the project. Staff
professionals actively participated in voicing their personal vision and articulating
global outcomes which each of them felt need to be integral to deep learning goals
embedded in the exhibit. This is a group of dynamic and mutually respectful colleagues
who are comfortable in and effective at working in a team environment; consequently,
the flow of ideas was fluid, fluent, rapid-fire, and rich. Members were adept at using
one another’s seminal concepts as standpoints from which to interweave their own
extensional ideas.
Given the strong current focus by CMH educators and exhibit developers on
ecosystemic and regional history content areas, it was not surprising that those
parameters percolated to the top of the list of desired attributes. Also of specified
import were the intents to make the product intuitively self-evident to the widest
possible spectrum of users’ ages and developmental levels, to provide extreme variety
of manipulational opportunities of materials and artifacts in relation to water, and to
connect all these qualities to targeted learning domains in the sciences, especially
physics, and in mathematics, social sciences, and the arts.
In wrapping up the meeting, attendees agreed to continue generating items relevant to
today’s work at personal levels, thus elaborating and further interconnecting this initial
framework. These may be added to the core list at subsequent meetings. Specifics of
my running the next pair of focus groups with a team of young CMH campers during
the last week of the month were clarified by Beth and Marie. Finally, a rough timetable
for writing and submitting a planning grant proposal to the National Endowment for the
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Humanities was set by Marie and John; this cycle of work will begin in mid-July, since
the application deadline is September 1, 2004.60
6/17/04—Follow-up document 2 (compilation of brainstormed items)
Focus group: Children’s Museum at Holyoke professional staff—initial brainstorming
session about the IMLS-funded water exhibit, At the Canal’s Edge
Holyoke’s connection to the river
Recreate Holyoke’s past
Manipulate an already-built city model to generate futures-projections
Basic properties of water
Flow
Build water wheels
Surface tension
Build water bugs
Floating/sinking
Related properties which can be made available to exhibit users (affordances)
Spraying
Panning
Straining/filtering/wicking
Directing flow, channeling, shunting, moving water from here to there
Cranking devices to spin, lift, or squirt water
Where water comes from and where it goes
Geologic factors
People’s interactions with water
Recreational
Boats/diving gear/aquatic equipment
Pontoons, paddlewheels, outriggers
Industrial/military
Boats/submarines
Conservational
What people can do to maintain a sustainable ecology
Food source
Habitat—investigate things that live there, at scales from tiny to huge
Focus on local and regional ecosystemic attributes
Body is 75% water: what does that really mean?
Model it in some effective, illuminating way (mummy? fossil?)
Desiccation
Prehistory
Lake Hitchcock
Alternate pathways of connection to fossils
Mythology and folklore
Loch Ness monster, Atlantis
History
Roman aqueducts, Venice, towns built on stilts; Mark Twain’s world
Dams
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Human, beaver
Plumbing
Scales from small to large (house to town to watershed)
Alternate pathway of connection to history (Victorian era plumbing)
Parents can use it as a teaching tool
Water safety issues
Hygiene factors
Family science
Focus on encouraging team participation to solve problems, create innovations
A way to give new point to the Dreamers and Builders61 exhibit approach
Direct connections to forthcoming iterations of high-stakes tests
Mathematics/Science/Technology/Engineering
Extension of Redesign Holyoke concept mentioned above
Connect to Pioneer Valley, Connecticut River Watershed
Extend this to progressively larger geographic regions
Build in and build on a FAQ stream
Consider a range of feedback loops, from a questions-and-answers board to a
formalized (weekly?) dialogue with Holyoke public school teachers and
science specialists to a multimedia kiosk with query-response capability
to a web link to experts (at the Exploratorium? the National Aquarium?)
Enlist local schools to generate questions (weekly? monthly?)
Related vehicles for soliciting relevant, creative, inspired (and child-centered)
input (this could also be a useful formative evaluation tool)
Web site button
Send Beth an e-mail!
Water wonders: ten questions of the week, posted (newspaper?)
Encourage children to cite reasons and sources for their answers, and to talk
about the methods they used to arrive at solutions
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Fountain and reflecting pool (sic)
No specific teaching goals, just a quiet plashing area to encourage metacognitive
moments and meditative revisitings
Sited at entry/exit of the exhibit?
“Wishing fountain”—possible small revenue stream?
Games
Water-driven comparisons between Holyoke and Puerto Rico
Water and culture (making this connection clear may be an exhibit metagoal)
Art
Winslow Homer
Make it all transparent for pre-readers (another overarching goal)
Alternate working titles:
Holyoke. Water. Power, (especially apt if we can re-enlist the Holyoke Water
63
Power Company as a sponsoring or partnering entity)
Connect the Connecticut (e.g., extending the reach and scope of the already
robust Connecticut in the Classroom Initiative)
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Focus group work conclusion and compilation
“In all instances we need to ask: What is it that allows the learner to make a connection
with what is to be learned?” Hein64

At the end of this series of focus groups, several extended conversations with
Theresa Kamecki, one of the project’s critical friends, provided the contextual clarity
that let me recognize that ATCE was now cycling to a different evaluative level. In
effect, assessment of what we had learned from those groups and formulating the first
cycle of project goals marked the end of our front-end evaluation phase, hence by
definition the beginning of the formative evaluation phase of the work, which continued
through Fall 2005, concluding with demolition of the Body of Water exhibit and its
replacement with the new iteration of At the Canal’s Edge. This period was when we
framed the second, more refined, cycle of our goals, incorporating more specific
thoughts concerning assessment rubrics, that is, ways to do deep evaluation (derived
from and subsequent to Geertz’ thick description) as the project took final shape in
plans and schematics. My emphasis on iterative, incremental forward motion of team
efforts served during this AR loop to keep the teleological, e.g., goal-driven, sensibility
in play, and the sense of urgency as a driving force.
Especially in formative evaluations, the process is most useful when it is
iterative; something is tried out, modified, and tried again. If the process
corrects the most egregious errors, and modifies the most unsuccessful
components—those no one understands or those some visitors totally
misinterpret—a better exhibition will result. If these corrections are made, it
matters little if the visitor group did not represent the total museum population,
or that the text would have offended only one small audience segment. If an
exhibit component or a whole exhibition can be demonstrated to be more
accessible for some visitors, it is likely to be more accessible to all; if a potential
cause for complaint or for a frustrating experience for even a small fraction of
visitors is eliminated, a major problem for the museum may be avoided [e.g.,
catch and correct possible flaws before they’re built]. (Hein 58-59)
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As teased out in each of the focus group reflection pieces above, more generally,
we had obtained substantive validation of the overall robust nature of the theme, its
deep connection to individuals of all ages, multiple ethnicities, socioeconomic statuses,
developmental levels, and self-reported ranges of interests. More specifically, we had
gotten a number of ideas about exhibit content and program extensions; in a number of
these instances these findings mapped onto or triangualated observations and
assessments made earlier, either through the learnings gleaned from Connecticut in the
Classroom efforts and activities, AR site visits, or front-end evaluation phase planning
team meetings. Examples of these are the applicability of boat-building activities as
engaging program content for adolescents as well as for younger children, the range and
extent of potential naive conceptions that many children bring to the topic of water, and
the understanding that water as an experiential medium can be readily made accessible
to individuals with limitations in physical mobility or related motoric challenges.
Second cycle of goals
This approach, recursively considering connections between the exhibit and the
learner by building upon previous levels of insight and understanding, not only is
exemplary of action research praxis, but also parallels the Dewey-derived approach of
the spiral curriculum. In the doing of this project, we were delighted by the credibility
suggested by the fact that our methodology of incrementally advancing our knowledge
base within closely circumscribed clusters of domains of interest was precisely the same
approach to learning that the Connecticut in the Classroom Initiative had been using for
over five years. When in 2000 Helen Gibson and I had written the guidelines that
defined the Initiative, we were focused on the utility of Dewey’s spiral of increasing
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knowledge, revisiting the same topics at increasingly rich, complex, and accurate levels
of comprehension and elaboration, but within the frame of grade levels. Now, I realized
that the paradigm is precisely analogous to AR, and serves adults quite as expeditiously
and creatively as it supports children. The planning team was interested in seeking out
or isolating/locating nuances along the gradients of understanding which children might
manifest in their work with the exhibit. A memo outlining such concerns follows. The
elaboration of participants’ concerns, and the increasingly higher order of thinking
framing the process, is of note.
At the Canal’s Edge exhibit metagoals, compiled during a three-hour meeting, 2/2/05
Present: Marie, Kristen, John
1. ) Engaging but not intrinsically demanding (e.g., doesn’t require a high level of
motivation, focus, or previous interest in or knowledge about the topic range). Inviting
in both aesthetic character and in scale, not intimidating, daunting, or off-putting.
2. ) Prototypical of Holyoke and the Connecticut River.
3. ) Emphasizes both the natural and the human-made aspects of the regional
environment. Examples of the former: how the interaction of water and geology formed
the Oxbow; particular topological features of the Pioneer Valley which made it an ideal
choice as a setting for a planned water-powered industrial city. Examples of the latter:
physics of canal-sourced power; histories of Holyoke buildings (e.g., Wistariahurst65).
4. ) Providing multiple examples of, and opportunities for, controlling variables, as a
way to scaffold children’s incremental understanding of the scientific method.
5. ) Free of “black boxes”—no opaque systems, no inadvertent supporting of false
premises or fostering of miscues; causality should be privileged at every turn.
6. ) Developmentally appropriate, providing a rich array of paths of entry for visitors of
the full spectrum of ages, abilities, sizes, and intentionalities or expectations
7. ) Supporting of multiple intelligences as articulated by Howard Gardner; genuinely
hands-on, minds-on exhibitry that provides a platform for deep learning across the
spectrums of cognitive skills and predilections, physical capacities and challenges, and
socioemotional attributes, honoring diversity while fostering development.
Underlying principle (along with the implicit and explicit core premise of total safety):
intuitively obvious, playful, planful, and, insistently primarily, fun.
Additional goal (metagoal? subgoal?): seamless incorporation of multiple disciplines,
sub-disciplines (educational psychology, developmental psychology, science studies,
cognitive psychology), all structured around the construct of what constitutes an
enriched or immersive (in the metaphoric sense only) learning environment.
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Additional considerations (perhaps more intentionalities than goals):
Provide platforms for meaning-making.
Provide multiple opportunities for deep affordances-comprehension.
Craft stages or standpoints for constructivism (both constructivist thought and
constructivist action).
Foster development of naturalists (not least by helping children to understand that
naturalism is both a profession and a stance).
The exhibit needs to generate an immediate (five second) aha! response in all visitors
(at least a modicum of comprehension of what this is all about for them, i.e., at their
developmental and comprehensional level.
Project hierarchy:
GOALS
OBJECTIVES
STRATEGIES
• Goal—an aspiration for the project.
• Attached objective—testable subset; assigned to a goal so we can evaluate
success during design, construction, and use.
• Strategy—anything we use to achieve an objective.
Prioritize based on consolidated goals and objectives. Ongoing planning meeting goals:
identify and integrate priority sets, through collegial discourse geared to do the right
thing.
Make sure there’s a place where each thing we want is written down. [Essentially,
Marie and I retained duplicate sets of accumulating data, through the point when the
exhibit was installed, to ensure necessary and sufficient redundancy].
Uber-Metagoal: create a long-lived environment that regenerates both the museum and
the community contexts in which it operates, which nurtures all its users, honors the
web of life (biophilia), and expands the human vision of what is possible.66
This is clearly but an attempt to distill the essence of innumerable interactions,
observations, notations; assumptions made, refined, rejected, reinforced, into the
semblance of a seamless tapestry. The pixel metaphor may hold some utility here: the
individual element may not have all that much impact, but the incrementally accrued
aggregation can render a splendid vision. It is to that sort of gestaltian lucidity that we
as a team, and I as a team member and as an independent researcher as well, aspired.
Third cycle of goals
“A culture of thoughtfulness is not a simple thing” (Perkins, 1992, p. 13).
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This phase encompassed the articulation of exhibit goals by the development
team, especially in terms of intended learning outcomes. Concomitantly, however, this
period made palpable the reality that, “What looked like a nice little problem now looks
like a nice little mess—which is perhaps what one should expect... “ (Geertz, 2000, p.
132). In other words, the complexity of our incrementally-accumulating set of models,
possibilities, alternatives, and related challenges made for a far messier, albeit richer,
more provocative, and far more interesting, problem constellation than we had
originally envisioned. “Dynamic gestalt” became particularly compelling in that
convergent thinking took on paramount importance, displacing the divergent thinking
that had marked previous phases. The gradual, deeply descriptive and reflective
approach which had characterized ATCE to this point was rather abruptly supplanted by
a new collective sense of urgency. There seemed to emerge quite suddenly the
synchronistic recognition that we now had enough data, and that it was time to
consolidate it into a codified final document, centered on construction plans.
To this point, across three extensive action research loops, the project had been
explicitly and implicitly viewed as a work-in-progress, exemplified by multiple
iterations, tinkering, revisiting, rethinking, and rewording. Considerable efforts had
been made throughout to incorporate such fluidity in the built solution: child-variable
components, areas that accept plug-ins, visiting artist-rendered fountains or water
sculpture, invention stations and the rest; we had even left open the option to insert an
(n+1) area, i.e., for as-yet-undetermined components. However, we now agreed that
that phase was over; in a much more compressed time span, from March to May 2005,
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we wrapped up the majority of the formative evaluation phase and completed the final
drafts of goals.
The person primarily responsible for this acceleration was Melanie Perlman,
exhibit developer and partner in the Boston exhibit development firm Intersections®.
Her expertise and experience proved pivotal in consolidating and concretizing our work.
This was also the point in the process when I started pushing hard for the immediate and
ongoing inclusion of a number of additional outside consultants and specialists at team
meetings, to ensure adequate oversight from the cadre of individuals who represented
the actual builders and installers of the hardware. Professionals from the trades who
worked with us in those two months included Doug North, master plumber, and Chuck
Florio, welder and steel fabricator (cf. AR’s applicability to the project section, Ch. 2).
It is of import at this juncture to isolate the distinction between the responsibilities
associated with the very divergent roles of (content-focused) exhibit developers—(e.g.,
responsible for pedagogical and conceptual organization) and (form-focused) exhibit
designers—(e.g., responsible for the look of the final product, and the structural,
mechanical, and other technical systems which must be created and integrated in order
to achieve that form). In general in the field, these domains are addressed, and
correlative role obligations fulfilled, by different people with distinct skill sets. As
usual, however, the more seamlessly the developer can work with the designer, the
more coherent and powerful are the creative outcomes. In the ATCE instance, that
interface was patently collegial and integrated, since developer Perlman had, in years
past, worked both for and with Wondercabinet®, designer Mayer’s firm.
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Program connections
In many ways, the watershed seemed like a core concept for basic nature literacy.
Robert Hass67

At this juncture we also began to focus attention on additional program options,
closely connected to the exhibit as it was becoming reified, that might logically be
added to the spectrum of offerings in the Curriculum Guide of the Connecticut in the
Classroom Initiative. This elaboration of program planning, occurring simultaneously
with the final flurry of exhibit development specifications, gained momentum as the
planning team was able to finalize its efforts in the exhibit area—as the plans were
transferred to the Tennessee fabrication company, actual construction began, and thus
the exhibitry die per se literally had been cast. Two extended examples of such
programmatic opportunities follow, one derived from Curriculum Frameworks (state),
the other from a report of the Task Force on Children’s Learning and the Arts
(national).
There are innumerable logical and appropriate ways in which the exhibit can be
used by classroom teachers or interested parents to expand children’s understanding of
learning standards mandated by the Massachusetts Curriculum Frameworks
(http://www.doe.mass.edu/frameworks/current.html). I am including a sharply
constrained sample of such possible connections, to give point to that assertion; I will
relate each example to a citation from the Frameworks pertinent to Grades PreK-7,
since these encompass the primary age brackets served by the museum. This sample
includes selections from only a limited number of the domains defined by the full
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documents, but the utility of the exhibit is entirely cross-domain, i.e., it can be applied
with commensurate utility across the curriculum.
When using examples from children’s literature to flesh out the topic of waterthemed myths, Standard 8: Understanding a Text in the Grade 3 Standards of the
Massachusetts English Language Arts Curriculum Framework will be addressed. This
standard states,
Students will identify basic facts and main ideas in a text and use them as the basis for
interpretation.
• Identify foreshadowing clues as the parts of a text that help the reader predict
what will happen later in a story.
• Identify sensory details in literature.
• Identify the speaker of a poem or narrator of a story.
• Retell the events of a story in sequence.
• Identify narrative elements of character, setting, and plot.
• Form questions about a text and locate facts/details in order to answer those
questions.
• Distinguish cause from effect.
• Distinguish fact from fiction.
• Identify main ideas and supporting details.
Successful addressing of these criteria could be used equally effectively if
students were analyzing a poem about a stream or a tall tale about fishing, or a piece of
historical fiction about the lives of Nineteenth Century children who worked in the
Holyoke mills.
The first four Learning Standards of the Visual Arts segment of the Arts
Curriculum Framework, which students are to have mastered by the end of grade 4, all
integrate well with the sorts of constructivist activity which the museum has been doing
in programs with children for decades. The Standard mandates that students will
1.1

Use a variety of materials and media, for example, crayons, chalk, paint, clay,
various kinds of papers, textiles, and yarns, and understand how to use them to
produce different visual effects
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1.2

1.3
1.4

Create artwork in a variety of two-dimensional (2D) and three-dimensional (3D)
media, for example: 2D—drawing, painting, collage, printmaking, weaving;
3D—plastic (malleable) materials such as clay and paper, wood, or found
objects for assemblage and construction
Learn and use appropriate vocabulary related to methods, materials, and
techniques
Learn to take care of materials and tools and to use them safely
All these relevant skills and understandings can be used in portfolio assessment

rubrics as children paint murals of river landscapes, create collages of underwater life,
sculpt fountains from clay or construct them from recycled materials. The same Arts
Curriculum Framework supports the reach and range of integration of other domains
with arts activities, suggesting English Language Arts and History and Social Science
Curriculum Frameworks as appropriate examples. In the spirit of this suggestion, I will
use the latter Frameworks as a point of departure. Learning Standard 3. in the History
and Social Science Curriculum Framework connects seamlessly to At the Canal's Edge,
in that the exhibit components on the museum floor have been designed to point up the
structure and function of the canal system as it connects to the Connecticut River and
meanders through the city. The exhibit provides multiple points of departure for
precisely the sorts of investigations being promoted by this Standard:
Research, Evidence, and Point of View. Students will acquire the ability to
frame questions that can be answered by historical study and research; to collect,
evaluate, and employ information from primary and secondary sources, and to
apply it in oral and written presentations. They will understand many kinds and
uses of evidence; and by comparing historical narratives, they will differentiate
historical fact from historical interpretation and from fiction. (Massachusetts
Arts Curriculum Framework, 2001, p. 92)
The final series of examples of logical connections between the Frameworks and
the exhibit is drawn from the Science and Technology/Engineering Curriculum
Framework; each is sourced from the Grades 3-5 sections of the document. To suggest
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precisely the sorts of activities that might take place either in the classroom pre- or post¬
visit, or even at the exhibit with a museum staff person facilitating, I will also include
the bulleted follow-up segments offered in this portion of the Standards, “Ideas for
Developing Investigations and Learning Experiences.”
In the Physical Sciences category, Learning Standards 2 and 3 comprise the States of
Matter subset.
Compare and contrast solids, liquids, and gases based on the basic properties of each of
these states of matter.
• Design several stations, each of which demonstrates a state of matter, e.g., water
table, balloon and fan table, sand and block table, etc.
Describe how water can be changed from one state to another by adding or taking away
heat.
• Do simple investigations with evaporation, condensation, freezing, and melting.
Confirm that water expands upon freezing.
Learning Standard 12, within the Light Energy subset, may be used to provoke a
very different dimension of considerations about properties of water.
Recognize that light travels in a straight line until it strikes an object or travels from one
medium to another, and that light can be reflected, refracted, and absorbed.
• Use a flashlight, mirrors, and water to demonstrate reflection and refraction.
Within the Life Science category, Learning Standard 11 connects directly to the
food chain concept that is embedded within the exhibit, especially in its murals and
graphics.
Describe how energy derived from the sun is used by plants to produce sugars (photo¬
synthesis) and is transferred within a food chain from producers (plants) to consumers
to decomposers.
• Make a food chain. Begin with the sun as the source of energy and end with
decomposers. Create links that show the relationship of plants and animals in
the chain. Show the direction of the flow of energy. Discuss results if various
links in the chain are broken.
Finally, in the Earth and Space Science category, both Learning Standard 10 in
The Water Cycle subset and Learning Standard 12, in the subset Earth’s History, have
rich topical connectivity to the exhibit at its watershed-context scale as well as globally.
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Describe how water on earth cycles in different forms and in different locations,
including underground and in the atmosphere.
• Draw a diagram of the water cycle. Label evaporation, condensation, and
precipitation. Explain what happens during each process.
Give examples of how the surface of the earth changes due to slow processes such as
erosion and weathering, and rapid processes such as landslides, volcanic eruptions, and
earthquakes.
• To demonstrate the influence of vegetation on erosion, put soil in two shallow
rectangular baking pans. Cover one pan with a layer of sod. Elevate one end of
each pan. Compare and discuss the erosion caused by equal amounts of water
running down each slope.
The type of information about appropriate connections to the Frameworks
encapsulated above will be available to educators in several formats. Each teacher of
any school group scheduled to visit the exhibit will receive a grade-level-tailored
information packet about the exhibit, including a sample of specific topical connections
to the Frameworks. “Extensive research shows that appropriate advance organizers and
useful orientation significantly enhance learning” (Falk and Dierking, 2002, p. 151).
The entire compilation of this data, across the PreK-7 Grade-Level Standards, will also
be available on the museum’s web site. Finally, selected samples will be available as
handouts at the front desk of the museum for walk-in visitors.
A brain-based, developmentally-inflected passage found in Young Children and
the Arts: Making Creative Connections provides appropriate elaborations on the above
arts-centered curriculum.
As a result of new technologies that permit us to see into the brain, we now know
that early experience not only has a psychological impact on development, it also has a
physical impact on the neural pathways that allow a child to understand and process
information effectively and to manage emotion. With that in mind, ongoing public
engagement campaigns are being developed to teach parents and other care givers about
the experiences that are most essential to infant development. And, in all parts of the
country, health, education, and human service organizations are reaching out in new
ways to support parents and other care givers in applying what they know.
A close look at what constitutes the best kind of experience for infants and young
children leads quickly to the arts. From a baby’s first lullaby, to a three-year-old’s
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experimentation with finger paint, to a seven-year-old’s dramatization of a favorite
story, developmental^ appropriate arts experience is critical. For all children, at all
ability levels, the arts play a central role in cognitive, motor, language, and socialemotional development. The arts motivate and engage children in learning, stimulate
memory and facilitate understanding, enhance symbolic communication, promote
relationships, and provide an avenue for building competence. The arts are natural for
young children. Child development specialists note that play is the business of young
children; play is the way children promote and enhance their development. The arts are
a most natural vehicle for play. (Arts Education Partnership, 1998, p. v)
All three of the following principles should be used to guide the development of artsbased programs and resources for young children. Each Guiding Principle must be
thoroughly integrated in all resources for young children.
FOCUS: The Child
PRINCIPLE: Children should be encouraged to learn in, through, and about the arts by
actively engaging in the processes of creating, participating in/performing, and
responding to quality arts experiences, adapted to their developmental levels and
reflecting their own culture.
FOCUS: The Arts Experience
PRINCIPLE: Arts activities and experiences, while maintaining the integrity of the
artistic disciplines, should be meaningful to children, follow a scope and sequence, and
connect to early childhood curriculum and appropriate practices. They may also
contribute to literacy development.
FOCUS: Learning Environment and Adult Interactions
PRINCIPLE: The development of early childhood arts programs (including resources
and materials) should be shared among arts education specialists, practicing artists,
early childhood educators, parents, and care givers; and the process should connect with
community resources. (Ibid, p. 2)
Finally, a number of Task Force Recommendations from this report resonate powerfully
with the goals and intentions of the At the Canal’s Edge project.
(The Task Force recommends) that individuals and organizations that specialize in
educating young children:
• Offer instructional opportunities to those who work in the early childhood field
to explore arts materials and activities that are appropriate for young children,
and assist them in developing high-quality curriculum and programs for young
children in the arts. Where possible, encourage those working with young
children to integrate reading and writing activities into arts activities.
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•

•

•
•

Include arts education and cultural organizations in the process that informs
early childhood reports and recommendations, especially those that call for a
rich range of activities either directly in or associated with the arts that support
children’s creativity and language development. By using the language of the
arts, early childhood educators, parents, and others become more familiar with
the arts such as dance, music, drama, visual arts, and creative writing and bring
attention to community and school resources available in the arts.
Assist parents and other care givers in understanding the importance of the arts
and the role of the arts in supporting children’s creativity, expression, and
physical and language development.
Assist parents and care givers in designing and implementing activities that will
foster creativity, expression, and physical and language development.
Make the report available to members and colleagues. (Ibid, p. 15)
A meta-question was raised at this juncture: How wide? How deep? This was

referential to the truism that most education in the United States is, “A mile wide and an
inch deep.” See How people learn (Bransford, et al., esp. p. 137) for extended
discussion of this endemic problem across the current educational landscape. The deep
process we were trying to implement, conversely, supports inspired reliance on
intuition, on brainstormed synergy which results in outcomes not generally predictable
from the constituent pieces. “Intuition must be allowed free rein and be allowed to play.
Then reason can select from the patterns that emerge” (Shallcross & Sisk, p. 43; cf. also
Csikszentmihali, 1997, for extensive explanations of the creative process). A crucial
metaview delimiting and supporting ways in which we were evaluating, considering,
and extending At the Canal’s Edge throughout the project is provided by Lessons
without limit; I will quote the relevant passage in full.
Clearly there is the traditional notion of outcomes being about learners building or
refreshing their knowledge, attitudes, and perceptions about a topic, often subject matter
of some kind. But there are many other outcomes that can result. One can learn within
the social/cultural domains, such as learning about and increasing appreciation for other
people’s and other cultures’ uniqueness and similarities, as well as learning important
life skills such as how to collaborate with others. There are also aesthetic/recreative
outcomes such as renewal, refreshment, and restoration, often manifested by wonder,
awe, joy, pleasure, and deeper spiritual understandings. Another important outcome is
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learners’ understanding and ability to use resources in the community to fulfill their
personal free-choice learning needs. As learners begin to use the entire community as a
resource for personal learning, after each learning experience they hopefully better
understand how they can do that in the future, an outcome we refer to as free-choice
learning literacy. And depending on the entering knowledge, understanding, and
attitude of the learner, on occasion, free-choice learning experiences even result in
transformation/connection, significant changes in thinking, attitudes, beliefs, behaviors,
or habits-of-mind.
The implications of these broader outcomes is that we need to take a different
approach to documenting and “measuring” personal and institutional success. Rather
than saying what did someone learn after visiting this exhibition or participating in this
program or making this piece of art, we need to be understanding how these experiences
are connecting to people’s lives and contributing to their personal fulfillment. By
necessity the questions we ask are different. Was equal access to learning provided for
all participants? Did educational efforts afford opportunities for diverse audiences to
access, understand, and construct meaning from learning experiences? Did participants
grow and mature as a consequence of their interaction with the institution? Did the
experiences support meaningful social/cultural interaction? Did learners enhance their
ability to use the institution as a learning tool, not just now, but for the future, and did
the experience give learners the tools to extend their learning in other settings and
situations? Did learners continue their pursuit of this topic after the learning
experience? By assessing such broader outcomes we have a better chance of actually
documenting the unique and personal meaning that learners construct from the
experiences these institutions offer. We believe these are the true measures of personal
and institutional success. (Falk & Dierking, 2002, pp. 159-160)
Exhibit developer’s conceptual scheme
This entire third and final cycle of goals-clarification culminated in the
presentation of our exhibit developer’s conceptual design white paper. As suggested in
the Project goals clarification section above, this lucid framing derived quite organically
from preliminary planning team documents. It is incumbent upon highly qualified
professionals in the exhibit development field to craft such cogent distilling of intent.
Children’s Museum of Holyoke
March 18, 2005
Water Exhibition Conceptual Development to date, based on meeting between Melanie
and Marie on March 8, 2005.68
PLEASE NOTE: The following outline was developed without the input of an exhibit
designer. We fully anticipate that some of this might not be practical in the building—
but we are still dreaming!
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Goal
To discover that water can be manipulated to do work. Through both open-ended play
and guided manipulation of water, visitors will explore the behavior of water and its
power to activate mechanical devices, and make a connection between the availability
of water power and Holyoke’s industrial heritage.
Learning Outcomes
Through experiences in this exhibition, visitors will
• Recognize that canals can efficiently harness and redirect moving water to make
it do work.
• Realize that Holyoke is the nation’s first planned industrial city, and that it uses
an ingenious system of canals.
• Recognize that water power is still at work in Holyoke.
• Consider new ways to make water do work, now and in the future.
[I believe it is instructive to compare this to one of the source lists generated by the
planning team; I will unpack the relevant distinctions at the conclusion of her paper].
That Holyoke (and its canals) is embedded in the Connecticut River Watershed (and,
thus, what a watershed is and some implications of that reality).
That moving water can be a source of power.
That a complex web of living things is dependent on the river
Overview
As it is currently envisioned, most of this exhibition is on the Museum’s first floor. It
will replace the current water exhibition, and extend to the base of the climbing
structure. If feasible, the experience will begin “upstream”—on the Museum’s main
staircase. We envision, if possible, a large circle. From the main river, water is
redirected into a canal which ultimately returns water to the main river. Visitors can
access water from both sides of the canal.
Components
Upstream
Visitors first encounter the water exhibition from the staircase, as they approach the
Museum’s lower level. A wall mural suggests Holyoke’s natural landscape, and
introduces the concept that before the city developed, there was a river, plants, and
animals. There may be fossils or prints embedded along the staircase and along the
banks of the river. Actual water is visible here, with a natural treatment along its banks.
[This was the first major concept to be jettisoned, in that it would have been
prohibitively costly to plumb; also, having flowing water in immediate proximity to a
set of public stairs is potentially problematic]. Paddleboats can be seen in this water.
At a magnet wall, visitors can use magnetic puzzle pieces to assemble a river animal
food chain. [Note that this is a crisp utilization of a suggestion by one of my HCC
students to focus on that relevant and child-accessible topic; it also connects specifically
to a similar suggestion derived from the Massachusetts Curriculum Frameworks].
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Mill

As visitors descend the stairs, the water’s container becomes increasingly “urban,” and
water is pumped into a canal. Humans have redirected the river, harnessing its flow.
From the stair landing, visitors can enter a small building. The canal flows under this
building, activating a water wheel visitors can see. The wheel generates power that is
measured inside the building, which represents one of Holyoke’s many mills. From
inside the building, visitors have a view both up and down the river, and can view either
a live video feed of a real Holyoke mill building, or direct a periscope out a building
window to view a real mill. Photos and diagrams inside the building interpret the
typical layout of a Holyoke mill; if possible, a video shows the old races in use.
Nearby, visitors can turn another turbine using a hand crank. This turbine also
illustrates the power generated, so visitors can physically understand the amount of
work the water is doing to spin the turbine.
In and around the Mill, visitors operate some mill equipment, used to move things
around in a mill. Pulleys lift, gears turn, and materials slide along tracks, and photos
show similar devices in use, worked into the typical architecture of a Holyoke mill.
A ramp or small elevator might provide mill access to visitors who cannot use the stairs,
as well as offer access from the mill to the interior of the canal’s circular route.
Note: the Manchester, NH Millyard has a water power demonstration using chase
lights next to a physical model. This might be a reference.
Dam

At the juncture where the upstream river meets the first canal, visitors manipulate a dam
to control the flow through the mill’s water wheel. Changing the water flow will
change the level of power generated at the mill. A photo of a beaver dam is juxtaposed
with a photo of a human-built dam, linking the natural with the human-made landscape.
Note: check out a “Dam the Creek” exhibit that uses magnets at the Monts hire Science
Center, Norwich, VT for a possible approach to this component.
Canal Network

Water exits the mill and flows down under other mill buildings that may be smaller and
do not allow access. This demonstrates that water along Holyoke’s canals can be used
and reused, laid out in a grid of water power throughout the city.
These enclosed mill buildings can house pumping and filtering devices to keep debris
and misplaced exhibit parts contained.
Invention station

Between two enclosed mills (to catch debris), a stretch of canal is easily accessed by
visitors from both sides. Here visitors find multiple spigots from which to access
moving water from one source, so if more water is directed to one, flow will be reduced
at the others. Visitors can experiment with water power using a series of moveable and
fixed targets, including:
• Water wheels
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• Squirters
• Nozzle heads
• Weighted buckets
• Ferris-wheel buckets
• Archimedes screw
• Pulleys
• Windshield wipers
• Squeegees
• Waterfalls
• Sponges
• Rain
[Again, this entails extending and elaborating upon the original in-house efforts; cf.
CMH staff focus group section, above]
Basic properties of water
Flow
Build water wheels
Surface tension
Build water bugs
Floating/sinking
Related properties which can be made available to exhibit users [affordances]
Spraying
Panning
Straining/filtering/wicking
Directing flow, channeling, shunting, moving water from here to there
Cranking devices to spin, lift, or squirt water
This area is infused with humor. For example, there might be sculptures that spray
water in amusing ways, or funny actions that occur when enough water is directed in
one place. Visitors might turn zoetrope wheels or activate other optical illusions and
toys using water power.
This area is also rich with programming opportunities. Occasionally color might be
added to the water, to enliven boat-making or magnetic fishing activities.
Note: check out Providence Children’s Museum for water manipulation mechanisms
and built-in ways to dramatically change water levels, City Museum in St. Louis for
humor—especially the giant tipping fish!
Magnetic poetry
Near the invention station, visitors are invited to name water devices or invent new ones
using water- and power-themed magnetic words and pictures.
Return to the River
Where the water returns to the river, there might be more paddleboats that visitors can
access. Photos and video of people at play along the Connecticut River surround this
area.
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Additional ideas:
There were several ideas discussed that are not included in the above treatment, but
which should be retained for future consideration. These include:
• A transparent turbine (under the mill?)
• A recording of underwater sounds
• A video of the river from underwater
• Stream tables with dirt and animals (maybe as a program?)
• Fishing activity
The most important positive aspect of Ms. Perlman’s conceptual scheme is the
crisp way it synthesizes the very wide panoply of goals considered over time by the
planning team to that point into a single primary goal, and distills an even broader wish
list of learning outcomes into four comprehensible, achievable, and measurable
outcomes: clarity, in short, the articulation of a gestalt. However, one significant
downside is its specific parsing of the overarching theme: Melanie rendered her major
focus on the canals and mechanical sorts of topics, with only minor focus on the river,
the watershed, and the relevant biota. The second downside of the scheme is its very
ambition: my quick calculation suggests that it would require, at minimum, half a
million dollars to implement all these fine concepts. Hence, while this was an engaging
codification, it had to be parsed into immediate versus future efforts, which is precisely
what our final consultant managed to accomplish.
That consultant, exhibit designer Neal Mayer, was interviewed by Project
Director Silver at the suggestion of exhibit developer Perlman based on the latter’s
extensive previous work with and for him. It is worth noting that both of them had been
involved with the development and design phases of Lynchburg’s Amazement Square
children’s museum. Neal had been the principal designer for the water exhibit there, a
primary reason that Silver hired him, above and beyond his personable mien and
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impressive portfolio. He came on board to shepherd the final phase of the project at the
beginning of April 2005. In that role, he was pivotal not only at the crafting of a unified
and elegant exhibit but at the rendering of all requisite structural and mechanical as
well; Mayer’s background as a mechanical engineer was thus of major consequence.
“The experience of aesthetic insight—that is, of creating an aesthetic unity—is a
strong emotional experience, in some ways comparable to what psychologist Abraham
Maslow has called ‘peak experiences’” (Shallcross & Sisk, 1989, p. 53). A piece
published in May 2005 provided validation of the sensibilities and intentions of the
above sequence of developed and evolved goals-cycles as they were conveyed to and
interpreted by Perlman and Mayer. This article by Mary Sinker, aptly titled Applying
Research to Children’s Museum Exhibits, provided post-facto validation of these
elaborate AR methods.
I realized what a responsibility we have to children: quite simply, one of our
jobs as adults is to introduce children to the world-as-it-is. We can’t just throw
away what is known and add in unique, untrue things because it might be more
fun. Though “let’s pretend” and fantasy play are important, we are entrusted to
provide children with a well-researched exhibit foundation, to help them
experience and understand that blue is blue and water is wet and that there
weren’t people when dinosaurs roamed the earth. We have to get it right so that
they can use our base as a point of departure. Of course, as they get carried
away in play, children are going to take .. . model dinosaurs and find some
small-scale people figures and join them all together—the same way they’ll lay
the dinosaurs on the floor and carefully cover them with a tissue so they can go
to sleep. Fantasy play is terrific, and should be encouraged in all ways—but in a
museum, building a framework of reality is important.
Three A’s
The underpinning of a good exhibit is good research. Research helps to both
broaden and narrow our focus. Obviously, there is a difference between doing
research and applying it. In this article, I am talking about applying research to
an exhibit while foundation stones are gathered and assembled into an exhibit
plan. At this stage the exhibit developer relies on the research of others—
scientists, thinkers, doers, writers, educators—who have looked at a topic.
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studied it, considered how it relates to children’s lives and development.
Applying this sort of research isn’t a substitute for more direct research with
kids, but it is a precursor as we seek to determine the “Three A’s” of exhibit
development research: Is it accurate? Is it adequate in scope? Is it appropriate
for our audience?
Accurate
What is known about this topic? What are the facts and figures? Who are
the experts? What are the icons? What are the issues? Diving into a new topic
is thrilling. It involves reading books, articles and web sites; looking at pictures,
diagrams, and maps; and talking to people who work in this field, including
doing research and forming their own opinions on what is known about the
topic. As new ideas, details and views are discovered, enthusiasm for the topic
grows right along with the increase in knowledge. Distilling all this information
into the reality of an exhibit concept and then into a series of exhibit experiences
is a guaranteed brain stretcher (and, quite possibly, also ensures bored dinner
companions as you talk about your latest interest). Immersion in the topic is an
enjoyable and necessary first step.
Adequate
There are two very simple problems with exhibit research: knowing where to
begin and knowing when to stop. Most exhibit topics are absolutely huge,
whether a concrete topic like dinosaurs or a much fuzzier topic such as diversity.
Researching the topic helps define the boundaries—it shows you the scope of
the topic, as well as where the edges are. The size of the pie is seen, the flavor
of pie is determined and then the decision is made about which piece of pie will
be presented. Is that single slice adequate? In narrowing the topic, have the
most important elements been kept? Will children (and their adult companions)
have enough to delve into so that they, too, are enthused about the topic?
Appropriate
Not only does the exhibit topic require careful study to ensure that it is
accurate in detail, nuance and culture—and adequate in scope—but so does the
audience. Our visitors come in all shapes and sizes. Does the topic match the
audience? Will this concept be grasped by a five-year-old? Will an eight-yearold still be interested? We have to ensure that the concepts are educationally
appropriate for the target age group and are also understandable at a range of
levels (and in a variety of ways). We have to be confident that children are
physically capable of using each exhibit interface we’re planning; that we are
matching their emerging skills. Can a three-year-old reach that handle? When
can a child pedal a bicycle? The best exhibit in the world won’t be appreciated
by a child who can’t grasp the concept or isn’t able to physically operate the
interface! (Sinker, 2005, p. 7)
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Clearly, an exceedingly wide range of topical areas, presentational approaches,
modalities and methodologies were touched upon by the planning team and the many
subgroups which contributed to the data accumulation work of that team. The final, and
perhaps most challenging part of its work was the synthesizing of those entirely relevant
but overly divergent concepts into a workable and achievable format. This came about
primarily through two three-hour meetings facilitated by the Project Director between
the team and Neal Mayer, the exhibit designer who was hired to develop the final plans
for the exhibit based on all those previous concepts and their supporting documents.
Neal had received copies of all the above documents over the weeks preceding the
meetings, thus was fully familiar with the team’s overarching wishes, intentions, and
goals.
Spending a good deal of our time together doing standing-up meetings in the
Body of Water area on the exhibit floor, essentially where the new initial section of the
ATCE system is now installed, Neal managed to extract a clarified and distilled wish list
from the group in just a few hours. In many instances, he was able to lead us to jettison
second- or third-tier concepts on the spot based on simple square footage demands,
institutional priorities or core capabilities, mission statement or grant criteria, or simple
issues of redundancy. He also was very helpful in getting the team to shift its thinking
about many of the ideas and elements being considered from the context of exhibit to
that of programs. Many dozens of such exclusively exhibit-limited notions, for a gamut
of reasons including being too expensive, too cumbersome, or too highly specialized
topically, nonetheless transfer elegantly to the realm of facilitated programmatic
offerings; thus, they can be retained as part of the overall Connecticut in the Classroom
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Initiative without specific inclusion in At the Canal’s Edge.
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Others were simply more

expansive than a water exhibit per se, even one as generous in overview as this one, can
encompass. The mill concept, for instance, while certainly apt to the domains of
Holyoke history, socioeconomics, or politics, is exceedingly broad. Thus, we decided
on the spot that this is probably better treated as a stand-alone exhibit, albeit one with
specified topical connections to A TCE, unless it can be seamlessly integrated into the
future invention station or manifold wall, or even made to serve as a formal and
functional bridge between those two conceptually related areas.
This nuanced ability to tease out the principal constructs underlying all the
preliminary thinking and planning is, of course, the reason museums hire expert exhibit
designers; it is why we brought Neal on board, and that segment alone of his spectrum
of project work more than justified his total fee. In direct contradistinction to the
approach of the architects who designed the Body Playground deconstructed previously,
Neal spent both those information-transfer sessions primarily listening, asking
clarifying questions, and listening some more; only rarely at the first meeting did he
attempt to offer even minimal design input. These two meetings served as his
opportunity to obtain a full and complete idea, a composite mental picture, as it were, of
what we really wanted, rather than projecting a preconceived image of what he might
have assumed we might possibly have wanted based only on documents and visual aids,
or worse, what he wanted us to want. To my mind, this is the defining hallmark of an
excellent exhibit design professional: she or he must be able—absolutely, genuinely,
and deeply—to hear the real learning goals and visions for the project of the client team,
contextually bounded, first and foremost. Only after these have been communicated as
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exhaustively and comprehensively as the team is capable of articulating is it appropriate
for that professional to begin to overlay a personally interpreted synthesis across that
client-centered set of expectations. Only at that point is it appropriate for the designer
to begin to include their design dimension of expertise along with this baseline one of
inspired interviewer, ideally rendered with a developmentalist inflection.
Exhibit designer’s conceptual scheme
The week after the first of those two pivotal meetings, Neal provided Marie with
six e-mailed pages summarizing his thinking to that point derived from data generated
by the team, as well as from input from his firm’s content developer, all guided but not
unduly constrained by the conceptual development scheme crafted by the
Intersections© exhibit developer the previous month. I will summarize that document,
quoting from it at some length, since it points up the efficiency and efficacy with which
Neal reinterpreted and clarified Melanie’s earlier interpretation and clarification of the
hundreds of pages of supporting information generated by the original planning team.
My post-facto comments are inserted within brackets. I believe this documentation also
renders transparent the way in which the action research methodology of recursive
iterations of investigation, synthesis, and reflection leading to the next of many such
sequences has both informed and transformed the entire process of creating At the
Canal’s Edge.
Conceptual Design
The bubbles on the plan represent content areas described in the original content
development document [e.g., Melanie Perlman’s white paper, above].
1.

Upstream
This content area is divided into two components. The first is the mural in the
stairwell; this will not include any actual water or activities as suggested in the
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original document. The second is the modular panel wall that separates the paid
area of the museum from the unpaid area. I imagine this might be about 4' high and
incorporate content elements also seen in the stairwell mural. There are several
options for producing this—it might be designed and decorated by the muralist, it
might be decorated by local schools, or we could design it and have it built by a
fabricator. As we discussed last week, we could incorporate the food chain magnet
board on the “paid” side of this wall.
2.

Dam
This is the first portion of the water table—it represents part of the river above the
dam, the dam, and the gatehouse at the head of the canal system. Interactives here
might include a manipulate gate to control flow into the canal system, and perhaps
a model of the fish way. The original document suggests a water wheel at the dam,
but I think it would be more appropriate to place the waterwheels in the Canal
Network portion of the water table. Water that is not diverted into the canal system
falls over the dam into a channel representing the lower river. The lower river will
be a good place for playing with boats.

3.

Canal Network
This portion of the water table schematically represents most of Holyoke’s canal
system—the first and second level canals will be represented by two 12’ long
parallel troughs. A number of raceways will connect the two troughs, allowing
visitors to place waterwheels or turbines and derive power from the moving water.
The second level canal continues around the table—following the river. Water exits
the canal system by dropping into a short trough representing the third level canal
and then is returned to the lower river. [It is important to note that items 2 and 3 of
this list encode the core characteristics, both in form and function, of the final
exhibit. We decided not to incorporate the manipulable gate to control flow into the
canals, since that would have made it possible to inadvertently or deliberately
interrupt the play of any children at the canal area by cutting off the water stream to
that zone; also, based on budgetary constraints, it was determined that integration of
the fish way model was best deferred until a future expansion. Otherwise, these two
paragraphs of Wondercabinet®’s white paper provided a succinct framework for
what now exists as ATCE].

4.

Mill
I have allowed a space of about 8’ x 8’ inside the bend in the second level canal. I
imagine that we can represent the main functions of a paper mill here, but that is
contingent on the information on paper mills you will be getting for me. [Again,
this portion was deferred based on cost considerations; cf. endnote 14, Ch. 4].

5.

Return to River
This will be the lowest point of the water table. From this point water will be
filtered and pumped back to the upper river.

6.

Invention Station
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Design of this area is pending discussions with Bob Burnette. It is possible that this
will be a separate system from the water table.
Gallery Preparations
You’ll notice that I have suggested adding two floor drains rather than sloping the entire
floor towards the one existing floor drain. I think that this approach will be more
economical initially, and it will not require any ramps or create any trip hazards. Also,
if in the future you decide to change the function of this gallery, you will not need to
remove the raised/sloped floor.
General Comments on Concept Document
These are some general observations we may want to consider as we move ahead with
design.
Learning Outcomes
We wonder if the following learning outcome is represented strongly enough in the
exhibit to be included as one of the four primary learning outcomes:
• Recognize that water power is still at work in Holyoke today.
Our understanding is that water power is used in a limited way to generate electricity in
Holyoke today. This is basically one piece of information that can be conveyed through
one exhibit element or one interpretive panel. Consequently, we wonder if this holds
the same relevance as the other three learning outcomes, each of which we imagine can
be supported through several exhibit elements (or entire exhibit “bubbles”).
Upstream food chain
If we include a puzzle about the river animal food chain we think it’s important that it
be structured so that visitors get the key message. The food chain is about the transfer
of energy: energy (in the form of food) moves from plants to small animals to larger
animals. Often this sequence is a source of miscues for children; we need to ensure that
the puzzle does not reinforce misconceptions.
Invention Station
We think that the interactives at the invention station should allow for more visitor
control than do many of the ones suggested in the March 18 document. We’re
envisioning interactives that allow visitors to “invent” by making changes to the
interactives, playing with alternate parts or functions, and basically trying, testing, and
trying again. While the activities should definitely be fun and even humorous, the tone
of the invention station should feel contextually connected to the rest of the exhibit as a
place of water-connected discovery and puzzles and thing-a-ma-jigs, rather than simply
being a collection of fun spinning things unrelated to the exhibit theme. [As will be
discussed further in Ch. 5, Mayer’s synopsis provides apt parameters for the future
invention station. While it will be adjacent to rather than folded into ATCE, its
pedagogical intent will extend many of the water physics and watershed science and art
themes and topics emphasized during the overall CMH planning process].
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As a consummate design professional, Neal did a marvelous job of translating
the verbal or exceedingly sketchy schematics of the team into a lucid, comprehensible,
and entirely buildable set of plans. In just a few iterations, he managed to render a
canal table that has point, pith, and resonance; this first-phase structure models the canal
system of Holyoke in quite accurate relation to a segment of the Connecticut River,
without being so referential as to unduly constrain more imaginative or materiallyinvestigative play. It also, to my mind, is parsimonious both in the way it utilizes the
available space and in its fabrication requirements.
This approach is fully supported by current research into museum-field best
practices. In The museum experience, Falk and Dierking (p. 139) frame that
constraining process thusly: “Deciding on a few major messages and providing
‘cognitive hooks’ that will relate the material to (the concrete understanding) of a lay
person is critical and needs to be a part of the exhibition process from the very
beginning.” A more limited aspect of the final design that Neal dealt with effectively
that also is supported by Falk and Dierking’s work is the appropriately spacious feel to
the layout. While the stream table could have taken up more of the available space, the
more modestly scaled configuration selected affords wide circulation paths around the
entire system, akin to those made available in the H2O COMPANY realm at COST
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This solution ensures a more kinesthetically comfortable experience for visitors, as well
as simplifying caregiver visuospatial oversight of children.
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“Exhibits need to be

designed and evaluated with not only the ultimate users in mind, but also the normal
configuration of those users” (1992, p. 145). Hall’s work on proxemics and people’s
tacit, variable, but absolute need for sufficient space in order to feel comfortable enough
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to function effectively in various contexts also supports the considerations that
determined the overall scale of the exhibit’s final form. The museum experience
extends this construct in a pragmatic direction that helped frame the CMH team’s
sensibilities about siting specifics during our walk-arounds.
A major problem at many museums is crowding, and crowds are not always
easy to control. Most people have only limited tolerance for crowded places.
We have all seen exhibits that seem wonderful in an empty exhibit hall, but that
under more normal conditions with many people around become unusable.
(Falk & Dierking, 1992, p. 145)
The following pages provide examples of the schematic renderings and the
preliminary concept designs which Mayer prepared for the Children’s Museum at
Holyoke at this juncture. I have also included a copy of the email he sent us which
explains in some detail the mockups he created to prototype the operation of the fullscale stream table. I believe that those scale-model iterations helped to ensure that the
system in fact worked appropriately as intended; our ongoing focus on that sort of detail
was therefore a factor in the excellence of the final outcome. I was glad to note that the
input of the master plumber whom I had brought to the planning table was the deciding
factor in Mayer’s real-world, real-time testing of the concepts previously only seen on
paper or in Computer Assisted Drawings (e.g., the CAD renderings as shown).

545

OrawtoQ Hums**

Figure 193. Canal and river table overview
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Figure 194. Canal and river table plan and sections
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Figure 195. Proposed content plan
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Figure 197. Proposed gallery preparations
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The following email copy provides insight into Mayer’s prototyping.

Hi John,
Oops
I realize that I did not copy you on this e-mail.
Doug expressed his concerns at a meeting I attended a few weeks ago, so I
built a mock up to test flow.
This e-mail to marie and attached quicktime file describe the mock-up and
conclusions.
Neal
-Original Message -.

From:
- Mon Jul 18 12:20:20 2005

X-Mozilla-Status:
0001

X-Mozilla-Status2:
00800000

Message-1 D:
<42DBD69F.7080806@wondercabinet.com>

Date:
Mon, 18 Jul 2005 12:19:43 -0400

From:
Neal Mayer <neal@wondercabinet.com>

User-Agent:
Mozilla/5.0 (Macintosh; U; PPC Mac OS X Mach-O; en-US; rv:1.7.2)
Gecko/20040804 Netscape/7.2

X-Accept-Language:
en-us, en

MIME-Version:
1.0

To:
Marie Silver <msilver@childrensmuseumholyoke.org>

Subject:
Canal Mock-up

Content-Type:
multipart/mixed; boundary="-000308070507010000080408"
Hi Marie,
It was great meeting with you last week.
As we discussed, I used a section of rain gutter to mock up a small
version of the canal system.
First I tested the river flow - My goal was a fairly lazy current that
will allow kids to play with boats over the length of the river.I kept
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the gutter flat, and by cutting a drain hole in the upper part of the
end cap, kept the water at a constant 1 1/2" depth. I used bottle caps
as boats to measure the current - at about 3 gallons a minute, the
water caps floated downstream at a little slower than a strolling
speed. Given that the river will be about five times the width of the
gutter - I'm guessing that the river flow will be about 15 gallons a
minute.
Next, I tested the power canal flow - to do this I cut three 1/2"
diameter holes in the side of the gutter. Again I set a flow of 3
gallons a minute through the gutter - at that rate, a consistent
stream
of water was available at each of of the 1/2" holes. I placed a toy
water wheel under one of them and found that there was plenty of power
to keep it moving. At this rate, the gutter maintained a constant 1

1/2"
depth, with all surplus water exiting through the holes at about a
gallon a minute per hole. Given that the canal will be about 1.5 times
the width of the gutter, I'm guessing that the flow will be about 4

1/2
gallons a minute - any water that does not get directed to the water
wheels will flow over the overflow gates at either end of the canal.

I've attached a quicktime movie showing the mock-up in action.
Based on these tests - I'm assuming that the entire system will
require
a minimum of 20 gallons a minute to work.
Also, I promised to discuss this with an exhibit fabricator with
experience building water tables.
I shared my 5/27/05 drawings with him - based on those drawings, he
recommends a 1/3 horsepower centrifugal pump capable of moving up to
30
gallons per minute - this should be more than enough.
We also discussed having Bob build a mock-up of the power canals with
adjustable gates - I've attached a drawing of my proposal for that
mock-up.
Let me know what you think,
Neal
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Plan of Canals

7/18/05
Proposed mockup to testing flow in power canals

This end of mock-up wtfl t>e
discarded, the rest can be
mcorported into finished work

Figure 198. Wondercabinet® prototype schematic
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End of the formative evaluation phase, August 2005
In keeping with my organizational format, I will now summarize what we did in
each phase of this third of our four cycles of action research protocol loops.
•

Plan—completed formative evaluation.

•

Act—completed all focus groups; did extensive interview with exhibits expert
John Spalvin; brought fabrication consultants to the table; had prototypes
crafted; finally, hired Perlman and Mayer and engaged in final informationexchange and brainstorming sessions with them.

•

Observe: clarified and codified all work to this point—summarized, synthesized;
identified, isolated and consolidated final iterations of project goals.

•

Reflect: assessed optimum ways of making all these action plans actionable.
Determined that this point in the process constituted the baseline of AR loop 4,
answering all major questions concerning how the exhibit is to be created. This
phase began September 2005 and ended June 2006; however, it also cycles into
subsequent loops of summative evaluation and consequent additions,
remediations, and elaborations, analyzed in the concluding chapters.
Wrap-up:
Throughout this chapter, I have worked to surface the issues that emerged as

salient across an extended action research fieldwork sequence supporting our planningdesign process. My intention has been to work towards deep assessment, towards the
isolation and articulation of project goals that fully and profoundly support children’s
lives and learning, seeking to spark ‘the light in the eye’ as an ineffable but requisite
outcome. As noted previously, my critical friends were most useful across this span,
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helping me to remain focused on core premises and principles. At this juncture, e.g.,
the compilation of construction schematics, my validation group (Theresa Kamecki,
Jude Battles, and Jeffrey Hafford) met several times over dinner at my home to revisit
and evaluate the overall process that engaged our CMH community of practice.
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We

recognized several significant shortcomings in outcomes, that is, gaps between stated
intentions (whether mine individually or of the A TCE planning group in toto). I will
enumerate these briefly. First, however, in addition to again thanking the members of
my validation group, I should note that, in general, their responses were highly positive
and supportive: ACTE was, in fact, a fait accompli; the two years of action research had
rendered a substantive array of previously unconsidered and uncollected information,
and we had successfully folded data from a wide variety of relevant sources into a
cogent, compelling working document with requisite construction specifications.
The primary shortcomings were threefold; first, we had been able to convene
fewer focus groups than initially intended; second, we had taken the cheapest rather
than most effective route in addressing the major challenge of devising an appropriate
flooring surface; and third, we had done only minimal prototyping at the final crucial
juncture, so that issues of water flow, volume, rate and the like had only been modeled
in miniature rather than at scale as I had wished. While none of these are critical flaws,
they each detract from the fully world-class level of outcome which has been our goal.
The specifics of each of these will be enumerated in Chapter 4, Results and Discussion,
where I will also report out on the fourth and final Action Research loop which emerged
from this work to this point. I will frame that discussion in summative evaluation
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terms, although that assessment is but the first iteration of an ongoing process, more
fully explicated in Chapter 5, Summary, Recommendations, and Conclusions.
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Notes
1 Ball, 2001, p. 24.
2

....

‘ This invitation was extended because the core museum team professional staff, having
worked with me as a colleague for some years, was well aware of both my skill sets and
my research interests, each of which corresponded elegantly with their needs in this
instance. Both my work as the CMH Exhibits and Education Director and my long¬
term research emphasis on design approaches which enhance young children’s learning
processes in informal educational contexts rendered me, I was told, an ideal consult.
3

A more expansive reference supporting the sort of shared intuitive sense we
collectively held about the value and validity of a water-centered exhibit in its broadest
sense came from Falk & Dierking (1992, p. 136; references eliminated).
When the National Museum of Natural History recently redesigned its
Marine Life Hall, it wanted to show the complexity and interdependence of
marine ecosystems and the role people could play in preserving those systems.
A front-end evaluation revealed that the public not only did not know what an
ecosystem was, but was not even familiar with the word; in contrast, the public
had a reasonable understanding of the word “system.” This suggested that using
the word “ecosystem” in the title and initial orientation film as originally
planned would merely confuse the public, and the exhibition would be better off
starting with a word like “system” with which the public already had some
familiarity. The same front-end evaluation revealed that the public
overwhelmingly believed that marine systems should be preserved, but they had
no clue as to why, or how this could be accomplished. Consequently, the
exhibition team realized it did not need to convince the public to preserve
marine environments, but should focus on why that was important and how each
person could help the effort.
4 Geertz, 2000, p. 242.
5 89.6 miles door to door.
6To accomplish this goal, I transferred all the photographs onto CDs, and did a first
draft essay describing, explaining, and interpreting each of the exhibits investigated;
this data was passed on to the team immediately upon completion, so that they had
access to it in the week following my return from the research trips. Final drafts of
these essays appear as the following sections in this chapter.
7

A separate dissertation could be written on the implicit issue raised by that comment,
namely that such messaging may be radically different, semiotically and thus
interpretively, for non-reading visitors, who must evidentially interpret every piece of
that information stream, decoding based on environmental cues (or being baffled
thereby) rather than being able to read at least the explicit parts of the institution’s
communications to its visitors.
8 Cf. Reflective practice section, Chapter 1.
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9

Examples include the Exploratorium (http://www.exploratorium.edu/), the New York
Hall of Science (http://www.nyhallsci.org/nyhs-exhibits/e-scienceplay.html), and the
Children’s Museum of Memphis (http://www.cmom.com/tour/waterworksl.htm).

10Rivera also mentioned that, several months after the exhibit opened, he and his team
had had to devise a compensatory addition of a stainless steel shield to cover the
conveyor, the bins of which are designed to carry water to a second-story
arrangement—viz, “We had to put a screen over it because kids were putting the boats
in it to hitch them rides, which would cause jams at the top” (P. Rivera, personal
communication, 1 May 2004).
11 This realization was troubling for me. It suggests that a shared cultural characteristic,
even in such an experimentally and experientially open environment as that of the
Creative Discovery Museum, may be that individuals tend to detour around activities or
experiences seen as opaque or unduly challenging rather than seeking to solve them (cf.
Naive interpretations section, Chapter 2). This was a topic addressed but not
necessarily adequately resolved by the CMH planning team.
12 Cf. Crowley & Callanan (1998) and Crowley, Callanan, Tenenbaum, & Allen (2001)
for extended, nuanced treatments of such microanalytical research methodologies.
13

I apologize for having to use this horrific name repeatedly throughout the
dissertation; I cannot understand why the residents have not renamed their city.
In its heyday in the late 19 Century as an industrial city, Holyoke had over a
hundred mill races operating its factories. Each race shunted moving water through a
tunnel under the factory, where a turbine converted the water power to mechanical
power, accessed by power drive belts at multiple points (e.g., one such belt for each
individual machine in the factory) from a central spinning steel shaft running the length
of the building.
15 In the first iteration of the CMH Body of Water exhibit, two child-operable bilge
pumps were built in. These were heavy-duty marine grade units, with aluminum
handles, bronze fittings, and thick rubber gasketing. However, in less than two months,
both units had been broken beyond repair, not from any willful vandalism, but from the
extremely hard use that items in children’s museums tend to undergo, especially when,
as in the case of the pumps, they are interesting and engaging, hence under virtually
constant use during all the hours the museum is open.
16 This provokes the question of whether such “cookbook” methodology is valid, and if
so, in what instances. I find the counter-argument, typically attributed to Piaget, that
every instance of teaching robs the child of the opportunity to discover something for
her- or himself, an arguably more compelling point of view. Nonetheless, there are
situations like this one in which having as many children as possible comprehend the
sequence in which to readily make a desirable outcome happen is a worthy goal, too.
17

This point was also made by John Spalvin during my two-hour interview with him on
14 March 2005. Spalvin is a 25-year veteran exhibits specialist at Boston Children’s
Museum (BCM) and a nationally-recognized museum expert in water exhibit creation;
he now directs TCM, the off-site fabrication branch of BCM. He was most generous
and collegial in sharing his extraordinarily broad and deep expertise.
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18

Two points are worth noting here. First, Melanie Perlman was a principal in the
exhibit development program for Amazement Square, so was very familiar with
Sajadian’s working method and advocated strongly for the approach during her work
with ATCE. Second, I pressed the case for using local talent across the entire process.
However, neither of us was able to convince the Project Director; she was
understandably hesitant due to her inexperience at exhibit development, and chose to
hire a firm with a strong reputation in exhibit creation rather than have to piece together
the final professionals from across a number of Pioneer Valley artisans and contractors.
I will consider core outcomes of this decision in Chapter 4, Results & Discussion.
19

In note 2 on that page, this is clarified as being based on, “Consensus of IMLS staff
in the absence of a widely accepted or dictionary-based definition, August 2004.”
20

“A group of people who share a paradigm of action based on consensus about which
theories, models, and practices are most likely to support desired results” (Institute of
Library and Museum Services, 2005, p. 25; reference deleted)
21

Personal notes from ACM InterActivity conference Keynote speech, Wednesday,
May 5, 2004 (New Orleans, LA).

22

In spite of its architecturally post-modern look, the new building is a model for green
(e.g., environmentally sensitive) construction practices; it earned a silver category
award from the LEED (Leadership in Energy and Environmental Design) Certification
program of the U.S. Green Building Council (USGBC), high honors indeed for an
industrially -characterized structure.
23

I do not mean to suggest that such visits, often done by involved Board members,
closely parallel in any significant way the enterprise delimited in this dissertation. Most
especially, the rigorous action research methodology in place here is not incorporated.
The standard format is rather more incursionary, an attempt to cull some ideas to be
copied rather than to deeply understand the underlying theory, methodology, and frames
of reference, all profoundly situational, hence not necessarily generalizable or directly
exportable, of the exhibits scrutinized or of their host institutions.
24 While this might seem an elementary protocol, it is in fact the exception rather than
the rule in dozens of museums which I have investigated. The pressure of immediacy,
the urgency of constantly shifting demands on the maintenance, tech, and support
personnel who keep the institution operating at a nuts-and-bolts level, seems to keep the
regular updating of schedules a mere chimera.
25

For redundancy, there is even a backup (secondary) shutoff for each of the four
feeder pipes coming in to the exhibit station.

26

Exactly, I must admit, the way I retrofitted the CMH Body of Water.

27

This is the only museum that I have been to which has such extensive protocols in
place. The approach is echoed in text on their elaborate web site, as follows.
Bubbling, gurgling, swirling, rising—water flows through this exhibit in
amazing ways. Build your own boat and launch it down The River, a 53-foot
water table that runs through the museum, to see if it can survive the rapids,
whirlpools and the lock system. Or create your own spouting masterpiece out of
Intriguing Pipes and if it springs a leak, try again! Younger kids can splish
splash in the shallow Pond with funnels and waterwheels. You will get wet in
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Waterplay, but it’s OK, there are slickers and boots for everyone. And it’s not a
bad idea to bring a change of dry clothes. Note: Waterplay closes at 3 pm every
Friday for weekly maintenance.
[The museum even publicly acknowledges outside design consultants, viz.,
Exhibit space design by Paul Rosenblatt AIA of SPRINGBOARD Architecture
Communication and Design LLC] http://www.pittsburghkids.org/
28

An instructive comparison may be drawn to the boat-building opportunities at
Ottawa’s elaborate outdoor water table. Here, children have access to raw material
(including pieces of pine boards) and basic hand tools; with the guidance of a trained
staff person, they can fabricate their own boat to whatever degree of complexity or
inventiveness their interest and patience allows. While prohibitively costly in materials
and staff time for inclusion within the exhibitry per se, this could certainly be duplicated
in program activities at the Children’s Museum at Holyoke.
29

Constructivist plumbing exhibit subcomponents provide an index of what in AR
might appropriately be termed uber-triangulation: Carnegie, COSI, and Cinergy field
venues also incorporate variations on this type of system (cf. Figures 90, 100, and 138
respectively).
30

The glorious (and terrifyingly noisy) 10’ long steel tipping fish sculpture at the City
Museum of St. Louis operates on the same principles. It has taken on iconic import in
the CM field since the City Museum hosted a watershed afternoon creativity workshop
for the 2 May 2001 AYM InterActivity Exhibit Development Preconference. I have
had dozens of conversations about that experience with co-attendees since. Each of
these professionals has said that the stunningly creative environment of the City has
been a touchstone for their work ever since that experience, as an index of maximum
artistry (but with concomitant maximum risk in environmental challenges and dangers).
Melanie Perlman, one of those colleagues to whom I refer as being enamored of and
inspired by the City Museum in both form and function, mentions the tipping fish in her
conceptual design white paper (Exhibit developer’s conceptual scheme section, this
chapter). http://www.citymuseum.org/home.asp
31

Zubrowski (1981) uses the basic principle of water pressure to give children
guidelines in making simple but fully operational siphon bottles, Cartesian divers, and
baster pumps, using inexpensive and readily available materials.
32

“The fish-eye lens used by photographers was . . . invented by physicist Robert W.
Wood when he decided he wanted to know what the world looked like through the eyes
of a fish and discovered that no existing camera could do the job” (Root-Bemstein &
Root-Bernstein, 1999, p. 200).
33

The institution was originally named the Center of Science and Industry; it now has a
sister organization, COSI Toledo.
34 The lexicographically awkward but experientially allusive term buildingry is a
formulation developed by R. Buckminster Fuller.
35

An Association of Youth Museums (AYM, the precursor of ACM) conference,
hosted by the Boston Children’s Museum, was convened on November 7th and 8th, 1997
in Boston on the topic of Environments for the very young in museums. It brought
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together professionals from around the country to address precisely that sort of issue
(Association of Youth Museums, 1997).
36

In keeping with the institutions’ scale and reach, the Children’s Museum of
Indianapolis has expansive mission and vision statements—viz., “To create
extraordinary learning experiences that have the power to transform the lives of children
and families” and “It is our vision to be recognized as the global leader among all
museums and cultural institutions serving children and families.”
37

The different colors of rope serve a nuanced semiotic teaching function. They point
up differences in function of their various places within the system which derive from
differences in structure; these distinctions are drawn without requiring signage,
privileging instead visitors’ powers of observation. In short, color serves as an
elementary, and elementally parsimonious, means of gesturing to a relevant set of
operational distinctions.
38

I began designing and building indoor and outdoor play and therapy equipment and
spaces for differently-abled children in 1976; consequently, I attempt to consider needs
of children with physical, cognitive, or affective challenges as integral to good praxis.
39

An apt goal is to incorporate “ . . . ‘stimulus shelters’ or ‘defensible spaces’ that the
children can retreat to when there is too much stimulation” (Santrock, 2006, p. 447).
40 Cf. Gardner (1993).
41

This parallels a series of Boston Children’s Museum Activity Books by Bernie
Zubrowski—viz., Messing around with baking chemistry. Messing around with
drinking straws, and Messing around with water pumps and siphons.
42

A sign incorporated into the mural acknowledges the principal funder for Fall Creek
Watershed; it reads, “The Watershed Table is made possible by the Indiana Department
of Environmental Management through the Environmental Protection Agency.” This
detail, shared with the CMH planning group, inspired Project Director Silver to apply to
the Massachusetts Environmental Trust (MET) for additional monies in support of the
ATCE project. MET wound up providing a $15,000 grant to help extend the scope and
quality our work. I find this sort of AR-derived outcome a core strength of the method.
431 am indebted to my colleague Theresa Kamecki for the latter concept.
44 Lynch-Brown & Tomlinson, 1993, p. 244.
45 The corporate Imagineering team was responsible for much of the design of the $26
million “Kid-Powered” Port Discovery, the Baltimore Children’s Museum, which is
highly graphical and elegantly configured, but arguably richer in such thematic
elaboration than in substantive exhibitry cued to enhancing children’s learning.
46 Playing for keeps conference, Yale University, New Haven CT, March 14-16, 2003.
47 The Great Falls Discovery Center in Turners Falls, MA may approximate such a
topically focused institution. Linked to the Silvio O. Conte National Fish and Wildlife
Refuge, the Discovery Center is devoted to explicating the natural, cultural, and
industrial history of the Connecticut River Watershed. It is housed in a renovated mill
complex on four acres of parkland. http;//www.greatfallsma.org/
48

The prototype version (Draft—November 2002) of the Connecticut in the Classroom
Curriculum Guide, Developed by the Children’s Museum at Holyoke, Holyoke Public
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Schools, and WGBY/PBS (The Connecticut River Education Initiative) was produced
as part of the initial Connecticut in the Classroom Initiative grant funded by the
Massachusetts Cultural Council. The final version (October 2004), a 144-page
document augmented by nearly 80 pages of loose-leaf handouts, was funded by the
Massachusetts Cultural Council, The Jessie B. Cox Foundation, the Massachusetts
Environmental Trust, and Northeast Utilities. This is but one example of many in
which the initial Planning and Implementation grant applications to the Massachusetts
Cultural Council which I co-authored and which were funded in 2000 and 2001
respectively led in subsequent years to the incorporating of multiple iterations of
additional partners (including the Hitchcock Center for the Environment) as well as to
the inclusion of a broader base of funding sources, including the Institute of Library and
Museum Studies (IMLS), the principal funder for At the Canal’s Edge.
49

“A principle is never enunciated until the mind has been faced by a problem, that is
to say before the fundamentals of the principle have been directly or indirectly put in
doubt” (Piaget, 1929/1951, p. 358).
50 Cf. ATCE planning team section, this chapter.

51 A relevant understanding that only emerged during the course of my research was
that truly effective utilization of field-wide experts only occurs during development of
extremely high-budget exhibits. There are two typical formats for these kinds of
multimillion-dollar enterprises: very large institutions, such as Indianapolis Children’s
Museum (which dedicated millions of dollars to the creation of its current major
dinosaur exhibit); or National Science Foundation-funded traveling exhibits, which
likewise typically require several million dollars to develop (cf. Crowley & Knutson,
2005, p. 3). This scale of budget allows the convening of a team, or often of multiple
teams, of nationally- or internationally-sourced cross-domain content and design
experts, often for multiple working meetings convened across the span of the project’s
development.
52

This was a core part of my dissertation proposal. While I believe that I succeeded in
facilitating a fair sampling of stakeholder focus groups, I do think that including several
additional groups would have been most beneficial, especially one of member families
and one of community leaders, particularly those representing the Latino community.
The museum made several tentative efforts to arrange these meetings, but did not make
the final concerted effort that would have brought these groups to the planning table.
53

I was initially bemused by that response; only afterwards did I realize that the child
may have meant, rather archly, that, “If you can enjoy eating lobster tails, then [of
course, by logical extension] lobsters must have tails” (e.g., Q.E.D.).
54

See Hetherington, Parke, Gauvain, & Locke, 2006, esp. pp. 345-347, for a lucid
encapsulate treatment of children’s theory of mind.
55 The whimsical theme of canal monsters was one which Deborah Savage, the CMH
artist/educator responsible for the mural work in the ATCE project, devised. She used it
as the subject for a large papier-mache sculpture built with the aid of a team of Junior
Volunteers, and later for a decorative quilt which now hangs on a wall in the entry
atrium of the museum.
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56 Such child-devised enterprises may be extended in program or classroom contexts to
become the basis for powerful mathematical learning sequences; cf. Holt (1964),
Bransford, et al. (2000), and Papert (1980, 1993) for examples of this sort of extension.
57

Crowley& Knutson (2005) use the term “blitz studies,” which they cite CamegieMellon researchers as originating, when describing such “quick and dirty” (e.g.,
extremely time-limited, highly compressed and intensive) approaches to research work;
I have here taken the liberty to extend the concept slightly to presentational aspects of
research as well.
58

This approach, which I have used for years as a teaching aid, involves having
students/participants frame their orientation to a particular theme or topic of discussion
in three categories. K refers to what they already know, W to what they want to know,
and L to what they learned after the fact of the learning exercise.
59

MurphyCatton, 115 Bessmer Lane, Walton, KY 41094-9761
(www.murphycatton.com) was the successful bidder, thus the fabricator for the exhibit.
60 The proposal, seeking funding for a possible next step in the At the Canal’s Edge
portion of the Connecticut in the Classroom Initiative, was drafted as scheduled.
Unfortunately, it was not approved for funding; it was, however, very positively
reviewed by the NEH evaluators. Consequently, the museum will probably submit a
follow-up application in 2008, using the newly created exhibit as additional validation
of the project’s value.
61 Dreamers and Builders is a constructivist CMH exhibit with an architectural and
planning theme. Through sketching on light tables, rendering maquettes in various
interfitting block systems, and creating scale-model and full-scale prototypes as handson, minds-on methods, children give form to their visions of various new parts of
different subsections of the built environment, from benches to boardwalks, from
playgrounds to neighborhoods, and from villages to cities.
62

Cf. Crowley & Siegler (1999) for a study of factors involved in supported vs.
unsupported children’s learning, and Siegler (2005) for an analysis of the utility of
having children provide explanations.
63

In sum, only $1,000 was donated to the project by Holyoke Gas and Electric, the
parent company of Holyoke Water Power.
64 Hein, 1998, p. 167.
65 The Wistariahurst Museum, a local history-centered institution, is located at 238
Cabot Street, Holyoke, MA. http://www.wistariahurst.org/
66 This final lucid framing was adapted from organizational coaching data by Marc
Rosenbaum, Green building consultant (http://oikos.com/companies/rosenbaum.html).
67

Epigram excerpted from Sense of place section, Chapter 2 (via RiverWorks Activity
Guide. Tsongas Industrial History Center, University of Massachusetts Lowell
Graduate School of Education, & Lowell National Historical Park, 1995).

68

Exhibit development consultant Melanie Perlman was the preparer of this section.

69 A sampling of these concepts transferred from exhibit proper to program content are
outlined in Ch. 5., Summary, Recommendations, and Conclusions.
70

Cf. my comment concerning spaciousness in COSI Columbus section, this chapter.
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Cf. also sight lines discussion in the Rightmire Children’s Museum section of Ch. 3.
72

Again following IMLS terminology, a community of practice may be defined as, “A
group of people who share a paradigm of action based on consensus about which
theories, models, and practices are most likely to support desired results” (Institute of
Library and Museum Services, 2005, p. 25; citation deleted).
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CHAPTER 4
RESULTS AND DISCUSSION
Chapter 4 will begin with a description of the results of my research and that of
my CMH action research colleagues, and will conclude with an analysis and
interpretation of those results. The chapter will provide a global overview as well as a
specific history of the way the At the Canal’s Edge water exhibit was actually fabricated
and installed, with accompanying images to provide graphical representations of the
physical sequence involved. This narrative provides “ . . . a particular story about how
things stand ... “ (Geertz, 2000, p. 155), a review of and reflection upon concrete
outputs and outcomes of our intentions to render a prototypically effective learning
environment. These results are the consummation of the planning team’s efforts; their
analysis encompasses the account and assessment of the project from the point at which
formative evaluation ended. This chapter, then, also marks the start of the first codified
efforts to craft a summative evaluation of the results, as well as the delineation of the
fourth and final loop encompassed by ATCE action research protocols.
All of these culminating procedures were completed by an array of outside
contractors, including electricians, concrete cutters, concrete finishers, epoxy
specialists, and most importantly the MurphyCatton fabrication company; museumsited procedures had oversight both from Project Director Silver and from a building
inspector of the City of Holyoke, representing the Building Commissioner of the
Department of Codes and Inspections. From this narrative point forward, only
remediation is possible as a change mechanism to this capstone phase of the project;1
effectively, the outcomes explained here—all metaphorically, and some quite literally
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cast in stone—have been entirely prefigured, deriving and devolving directly and
absolutely from the plans previously explicated.
Results
“Chance favors only the prepared mind.” Pasteur

This compendium of results-description is, therefore, the most straightforward
component of the dissertation. Rather than the highly variable, sometimes virtually
mercurial, process of getting to the final phase, this portion is most direct, quite linear,
and sharply constrained. We planners referred to this consolidation period as it
unfolded as our AAA, or Aggressive Action Agenda. It also directly connects to the
IMLS-mandated outcome-based assessment protocols, since it clearly points up a series
of specific results of the previously-documented extensive action research-guided
efforts of the planning team, some fully successful, others less so; some entirely
complete, others with considerable potential for elaborations. “In the metaphorical no
less than in the literal use of ‘seeing,’ interpretation begins where perception ends”
(Kuhn, 1970, p. 198). This interpretive protocol emerges across both this chapter and
the next, first in the form of principles organizing the concrete outcomes and then as the
framework guiding the discussion and summarization of those outcomes. All our
perception, cognition, action, and affect (those four foundational attributes of children’s
museum professional practice to which I referred in introducing this dissertation) have
conjoined to focus our individual and collective interpretations; these, in turn, have then
been distilled through a sequence of actionable protocols into a coherent totality.
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AR Loop 4—how the exhibit was created
This summative phase began in earnest with getting the site ready (Figure
199)—dismantling of the original water exhibit, the Body of Water (Figures 200 and
201), removal of demolition debris, and prepping of the area (Figures 202 and 203).
The core of the previous exhibit was removed in several large sections by a volunteer
crew arranged by one of the CMH managers.

Next, the concrete floor slab was

prepared. That involved installing several floor drains, necessitating the hiring of
concrete-cutting specialists in addition to plumbers.

Once those drains were in place,

the concrete was refinished, and then surfaced with an epoxy coating. Contrary to
expectations (and to extensive previous experience of the epoxy contractors), that
resulted in an extraordinarily slippery surface as soon as even a drop of water came in
contact with the coating; thus, it had to be completely redone with a grit material
incorporated into the polymer, which afforded a modicum of traction in the final
surfacing.4
While this was being done at the Children’s Museum, the fabrication work of
the water table proper was taking place in Kentucky (Figures 204, 205 and 206). Once
constructed, the system was completely assembled and shop tested, that is, filled with
water and operated with all pumps running, for a full week, to ensure structural integrity
and hydro-mechanical efficiency. Once it had successfully passed those tests, the
finished product was dismantled, crated, shipped to the museum, and installed by a crew
whose members had traveled up from MurphyCatton’s Kentucky shop.5 The fabricator
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Figure 199. ATCE site work warning sign created by Junior Volunteers

Figure 200. The original water exhibit, the Body of Water
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Figure 202. Original exhibit demolition in progress
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Figure 203. Post-demolition floor preparation

Figure 204. ATCE under construction at MurphyCatton Kentucky shop
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Figure 205. In-process view showing multiple tiers of components

Figure 206. Shop perspective indicating process to determine heights
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had sufficient foresight to leave the skirting (e.g., the panels enclosing the mechanical
space beneath the stream table proper) off the exhibit until it had a month of on-site, inplace testing (Figures 207-210). That ready access proved important, in that a
construction detail surfaced that proved critically in error. Most of the plumbing runs
beneath the stream table had been built using copper tubing. This is ordinarily (whether
in residential or commercial construction) considered an index of highest quality;
copper is far more expensive as well as more complicated and time-consuming to work
with than is plastic. However, in this instance it proved disastrous; after only two
weeks, the copper began developing holes, caused by the fluoride in the water-treatment
tablets used to eliminate bacteria from growing in the exhibit.6 The fabricator had to
send a technician up from Kentucky to replace the compromised tubing. During the
same remediation trip, that person had to replace the section of the stream table
incorporating the child-operable gates and mill race wheels, since the original
construction leaked and could not be glued (Figures 211 and 212). Other than those
early structural deficits, the overall At the Canal’s Edge exhibit is now working quite
nicely, as planned and expected. It provides expansively rich play and learning
opportunities in a relatively modest space of approximately 800 square feet.
The system is now fully skirted; a comparison of Figure 213 with Figure 214
illuminates that evolution, as well as the subsequent painting green of the white
topology; that topology may eventually receive additional naturalistic graphic treatment
(similar in look to that of Lynchburg’s solution). While the majority of wall murals
have been created (Figures 215 and 216), the entire water feature will, once the budget
allows, have murals added to the planar surfaces of the enclosing fascia; this visual
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Figure 207. Exhibit installed, skirted with temporary safety netting

Figure 208. Initial ATCE view from dam component

573

Figure 209. Detail of dam element and integrated topology

Figure 210. Glimpse of structural and mechanical components
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Figure 211. Mill race series

Figure 212. Mill race detail: one sluiceway dammed, others open
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Figure 214. ATCE skirting in place, main topology painted green
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Figure 215. Stairwell mural, upper landing

Figure 216. Stairwell mural, lower landing

577

device will extend the imagery of the wall graphics into the stream table itself,
rendering the watershed construct even more vivid and self-evident. The wall-set
shutoffs (shown only rough-framed in Figure 217) are now full enclosed. The gate
solution works nicely (Figure 218) and lends itself to comparison play and learning
quite elegantly. It is of note that all the mechanical equipment required for running the
system is isolated within the body of the stream table, including pumps and filtration
devices. This provides an elegantly encapsulate solution; while the full skirting does
not make access immediate, neither does it make such access unduly complex or
challenging.8
All these effective exhibit elements, direct outcomes of the planning protocols
which I orchestrated, are indices of credibility and transferability, integral and indeed
critical to well-designed action research (and considered in place of the construct of
validity more typical of quantitative studies). While many such appurtenances were
identified during the fieldwork, none were more than globally similar, to each other or
to these elements. The particularization of those types and their seamless incorporation
into the lucid gestalt of At the Canal’s Edge points up the effectiveness and efficiency
of the AR methodology I brought to bear on the development process. The
triangulation of identified and isolated types renders the approach credible; the
application of source data from the multiple venues into a uniquely interpreted creation
points up methodological transferability as well as procedural dependability. The
outcomes are consistent with the expectations I delimited, credibly emergent consistent
with AR parameters. Considerations of such benchmarks inform my investigation of
these outcomes of the ATCE process; to this point in the summative evaluation process,
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Figure 217. Stairwell mural, lower landing

Figure 218. Young visitor investigating gate-and-sluice affordances
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Figure 219. Young child fully engaged in water play activity

Figure 220. Small-group play at the tallest component of the water table
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I can say that those outcomes appear most appropriate, desirable and promising (Figures
219 and 220). At this juncture, the final loop of our project team’s cycles of action
research has been concluded.
Museum professional staff project assessment
Plans are in place for further evaluation to be done across time by subsequent
iterations of museum professional staff as ongoing versions of the summative
evaluation process, formal and informal, continue to advance and refine the form and
the function of this exhibit. My intention and expectation is that the work I have done
in crafting this dissertation will serve them in advancing that effort. In this initial phase
of summative evaluation, the action research protocols utilized clearly and
demonstrably possess a high order of credibility: their use has rendered an engaging,
well-considered, and aptly-configured exhibit, ready to serve as the platform for much
excellent subsequent play, work, experimentation, and interpretation by children and
adults alike.
Synopsis of fourth AR loop
In keeping with the organizational format to which I have adhered throughout
the dissertation, I will now summarize what we did in each phase of this fourth and final
cycle of the ATCE project action research protocol loops.
•

Plan—completed summative evaluation to this point; clarified goals.

•

Act—supported Project Director Silver in her decision to send out Requests for
Proposals (RFPs) and to move ahead with the making of a decision about the
bids which were received in response to her RFPs; generated all necessary work
schedules, recalibrated as necessary to accommodate contractor requirements.
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•

Observe—reviewed, discussed, and took notes about the particular segments of
the fabrication and installation process as these unfolded over the time sequence
specified in the photographically documented section beginning this chapter.

•

Reflect—assessed successes and shortcomings of our efforts. Considered,
appreciated, and chose to advocate for the uniquely adaptive quality inherent to
AR: articulated and privileged the recognition that the iterative nature of the
process of developing At the Canal’s Edge proved the most robust and durable
aspect of our efforts. At an individual level of reflection mandated by AR
protocols, at this point at the terminus of the work, I have come to realize that
my research served to focus, harvest and capture an extensive array of ideas,
data, relationships, and values which emerged across the project’s duration
It is relevant to note that, while this final AR loop encoding my involvement

with ATCE began 9/05 and effectively ended 6/06 with the opening of the exhibit to the
public, the creative development process from that terminus then also cycles logically
into subsequent future loops of progressive summative evaluation and consequent
additions, remediations, and elaborations: ongoing revisitings, in short.
Project team self-assessment
The planning team had one final meeting once the exhibit had been in place for
six weeks, to conclude our involvement, to effectuate closure regarding the project, and
to do a summative team assessment—as well as to celebrate our individual and
collective accomplishments. We used this encounter, in part, to praise Project Director
Silver for her excellent, efficient, and effective work over the duration of what had
become a multi-year, multi-challenge enterprise. Another important part of this review
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was a discussion about values; since that was a specified part of the AR protocol, we
felt it imperative to reflect on how well we had encoded them, both recursively during
the process and in punctuate form in the product. Each member articulated the
consensus evaluation that the final ATCE structures succeed as embodiments of our
value system, oriented as that was to crafting best-possible-outcome results. A small
but salient example of this was the manner in which we ensured that water was “used
with due regardful thrift” (Campbell, 1982, p. 20) in how the exhibit recycles water
rather than relying on a constantly replenished stream. I find it particularly relevant that
each team member also noted that the ecological identity work (see Thomashow, 1998)
in which we engaged over the course of the project connected deeply to values-linked
issues such as clarified personal perceptivity and the enhanced professional activity that
was consequent to that improved capacity to observe, reflect, and plan. I believe it
important to note that I view precisely this evolution in individual sensibility as a core
benefit that I derived from participating in ATCE.
This was also our final review of ways in which the exhibit addresses IMLS
mandates. Our best judgment rendered a verdict that the federal funding agency would
determine, were they to perform an independent audit, that our efforts had produced a
product, and set the stage for a broad array of associated programs and outreach efforts,
that met and indeed exceeded the punch list of requirements associated with being an
IMLS grantee. Specific characteristics of the exhibit, extensively enumerated in the
discussion section following, correspond elegantly to institutional intentions outlined by
the Project Director in her grant application. Further, the opportunities the exhibit
presents to support extensive and intensive Connecticut River Watershed-based
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programming have been rendered even more multivalent than those which had been in
place prior to our work together. Many examples such addenda to extant curriculum
connections have been provided in previous sections of this dissertation, and Chapter 5
will summarize an additional constellation of closely aligned concepts and guidelines.
Most broadly, the team felt that ATCE in its current form provides multiple paths of
entry into domains of meaning-making, at various developmental levels of child
investigators.
Lest we were to begin to perseverate on whether the exhibit absolutely fulfilled
each element of minutiae of every criterion we had established, I shared a passage that I
believe gives us necessary leeway: breathing room for sanity, as it were. The scientist
in the crib provides a welcome rationale for our not unduly fixating upon considerations
as to whether children are in fact performing just the actions we projected, perceiving
unerringly the opportunities for agency we had anticipated, noting faithfully the very
affordances we had sought to incorporate, or learning precisely the particulars we had
suggested. “Children ignore or reinterpret the facts that don’t fit their representations”
(Gopnik, Meltzoff, & Kuhl, 1999, p. 156). In short, while project evaluation is
necessary, it is not sufficient. At this point, it is necessary for us to move on, to revel in
the new set of imaginative and engaging opportunities we have been privileged to
provide for the children who will have the chance to use ATCE, and to trust in the
proven competence of CMH professionals to shepherd the next requisite stages of the
development process in creative and appropriate directions.
Even though we consistently behaved as if the outcome, now on the museum
floor, was to be the sine qua non of water-driven exhibitry, consequently rendering the
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Omega version thereof, as if this would be it, would obviate the need for any further
investigations in that domain, in truth the falsity of this supremely positive perspective
was tacit. Operationally, this stance could be considered a parallel to young children’s
unfailingly optimistic assumptions and expectations about their developing capabilities
and capacities: it allowed us to continue on in the face of considerable challenge,
complexity, and contradictory articulations.
Another important part of this reflection and revisiting process was a follow-up
meeting Silver and I had, effectively the final formal debriefing of our working dyad.
My succinct notes, including the rough draft of the project cash flow summary, follow:
Debriefing 8.30.06
Met with Marie for two hours today for a debriefing of the ACTE exhibit. Also, she
provided me with a number of project-relevant pieces of hard copy data, and will,
within two weeks, email me a response set to a punch list of questions I itemized about
particulars to which I didn’t yet have answers. In general, we discussed global issues
about the project, including her overall reactions to having been involved with it so
intensively and for such a long period of time. I found it interesting that only now,
having had it on the floor for several months and thus having used it in teaching MITS
workshops and in running a number of programs for children and teens based on it, is
she able to fully realize its excellence rather than having to concentrate on fixing the
array of small and not-so-small problems with it during its shakedown phase.

The overall project budget was allocated as follows:
Income from funders
•

Institute of Museum and Library Services (IMLS)

•

Massachusetts Environmental Trust (MET)

•

Holyoke Gas and Electric (HG&E)9

$125,000
15,000

1.000
$141,000

Total:
Primary expenditures
•

Developer and designer

$ 8,000

•

MurphyCatton Fabricators

65,000

•

Transportation and installation

18,000

•

Site preparation

12,000
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•

Electrical & Plumbing

•

Murals (muralist, materials)

8,000
19,000

• Staff time (2 years)
Total:

1 LOOP
$141,000

At the broadest level of assessment, then, I believe A TCE may be considered to
be consistently successful in isolating and encoding relevant aspects of each of the
requisite attributes of a high quality constructivist exhibit as defined by Hein.
A constructivist exhibition, like one based on discovery learning, will provide
opportunities for visitors to construct knowledge. But in addition, it will provide
some way of validating visitors’ conclusions, regardless of whether they match
those intended by the curatorial staff. Thus, a constructivist exhibition:
•
•
•
•
•

will have many entry points, no specific path and no beginning and end;
will provide a wide range of active learning modes;
will present a range of points of view;
will enable visitors to connect with objects (and ideas) through a range of
activities and experiences that utilize their life experiences;
will provide experiences and materials that allow students in school
programs to experiment, conjecture, and draw conclusions.

The constructivist exhibition would be likely to present various perspectives,
validate different ways of interpreting objects and refer to different points of
view and different “truths” about the material presented. This is in sharp
contrast to a traditional view of museum exhibitions. (Hein, pp. 35-36)
The existing solution provides confirmation of our operating assumption,
intentions, goals, and methods in the broad referential frame delimited by Schon (1982,
esp. p. 146). Seeing the complex array of values, vision, goals, actions, and outcomes
which informed the progressive iterations of our planning, acting, observing, and
reflecting codified and actualized into a coherent creation is affirming and deeply
salutary.
Discussion
I’d rather be approximately right than exactly wrong. Seymour Papert
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Positive results

The AR methodology rendered a high order of dependability in the
pedagogically, aesthetically, and structurally sound character of the finished
components. The remainder of Chapter 4 comprises an analysis and interpretation of
these results, considering them in view of intentions, frameworks, and outcome based
assessment parameters. These outcome-based assessment considerations are also
appropriate incremental performance indicators, thus serving to underscore the
dependability of our protocols in addressing the mandates of IMLS, the principal
funder. I will first provide a brief overview, then analyze individual aspects and
components in greater depth, making use of the same sort of descriptive and interpretive
heuristics that I used to parse the models which were so salient in the crafting of the
program leading to ATCE’s creation.
David Elkind provided an apt metagoal for children’s museum exhibit
development professionals during his St. Louis InterActivity keynote address: “Create a
space that is their space and not our space” (personal conference notes, 4 May 2001).
Having spent many hours watching children making full and delighted use of their new
environment, I now believe that we achieved this quite fully. ACTE affords a
kaleidoscope of opportunities for deeply engaging experiential play-directed learning.
The completed creation possesses a clear, readily legible gestalt, with apt scale and
easily maintained caregiver sightlines. Aesthetics are strong. The overall form is
evocative both of the loopings of the canal networks and of the sharply encompassing
curve of the Connecticut River within which the city of Holyoke has been insinuated.
The elaborate accompanying murals are visually complex and evocative; as well, they
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provide much information about the biota of the Connecticut River watershed. They
have already served the initial function of engaging the Junior Volunteers who helped
create them in the process of doing appropriate and intensive research to locate relevant
and accurate information about the creatures pictured. Now they can begin to fulfill a
more extensive pedagogical purpose, functioning as points of departure to inspire
children intrigued by some portion of their iconography to learn about that subject in
greater depth. Teachers in the classrooms of visiting school groups can have their
students tease out the themes and specific animals depicted in the mural, effectively
working backwards from the point at which the muralist and her youthful assistants left
off.
The specified objective of clarifying the structure and function of the canal
system is fully met: the exhibit does this quite simply and in a straightforward, concrete
way. The lucid map-derived format of the layout in plan provides a crisp solution for
this intention, as well as for the aforementioned intended scaffolding of children’s
understanding of scalar relationships and set-subset comparisons (e.g., canal—river—
dam). The cylindrical dam tank (Figure 221), functioning in the way Campbell (1982,
p. 65) describes as being the operation of a “surge basin,” is effective in two ways, each
directly derived from the organization of the Holyoke system. First, it schematicizes
the concept of reservoir, with its concomitant power of water falling over its berm.
Second, it points up the way that the canals are fed smoothly by water flowing directly
from the dam’s upper level, hence absent the power transfer based on falling water.
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Figure 221. Cylindrical tank with two types of outlets to river and canals

Figure 222. Small child carefully observing mill race operation
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The river/canal distinction is clarified as well by the significant size difference
between the two types of streams, and by the abstracted river’s edge topology inserted
along that primary curve of the stream table. Again, while not an unduly intrusive
effect, the result is clearly contextualized. I believe it exemplifies the sort of lucid
approach I have mentioned throughout, in which a sufficiently—and insistently—
suggestive component can provoke, first, observation; second, comparison; and third,
consideration or reflection. Even without signage (and I must admit to a predilection at
this juncture for leaving it that way, although Project Director Silver has said that she’s
still strongly considering adding at least a basic level of text support), the structure
makes semiotically clear the fact that there are salient differences embedded herein. I
think there may be (albeit barely) adequate suggestion in the exhibit title panel itself
(e.g., At the Canal’s Edge) for at least the more analytical visitors to extrapolate from
those differences to at least an incipient explanation for those alterities, especially if
they have even the slightest understanding of the existence, history, and raison d’etre of
the Holyoke canals. The mere fact that the narrow channels are the ones with rather
mechanistically angled level changes throughout, coupled with that compelling set of
gate controls and mill races, alludes to there being relevant differences between those
narrow, sharply delineated streams and the larger, topologically-evocative one.
Intensive analysis of mill races
I would now like to consider in depth one section of this completed system in
order to provide resonant verification of the dependability of my action research
protocols in the creating of ATCE. In so doing, I will also be demonstrating the
credibility of AR in the practice of reporting out that process. The series of four
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integrated mill races and removable gate panels which link the first and second level
canals (Figures 222 and 223) provide an aptly rich configuration for such assessment,
generating standpoints for thinking about both concrete and abstract investigative
approaches by children. First, the choice of a white material for the fabrication makes
the highly sculptural set of replicated forms particularly legible.10 Second, the resultant
geometry contributes to the sense that this is an especially industrially-referential or
physical science-based area of the overall exhibit. Third, the system is readily
accessible from either side (e.g., from above the first level canal or from below the
second level canal); at the same time, the relative height difference is obvious, from
whichever standpoint the child chooses.
From above, the gate panels are more easily reached in order to be inserted or
removed (extended observations of children using this equipment have shown it to be
quickly comprehended, even though there is no signage, no graphics, nor even a hint of
color-coding as to structural and functional attributes). From this vantage point, the
effects of the outflow of water from the upper level stream are most apparent, while the
effects of that shunt on the water wheels are less readily seen. From below, children
have a much clearer view of the water wheels in motion or at rest, but must manage a
longer reach across the full width of that section of stream table in order to insert or
remove the panels designed to fit into slots in the sides of the shunt channels. The core
affordance provided here is that offalling water having the capacity to make something
happen. (Even for children in the preoperational stage, it is clear that the spill of water
is the reason the corresponding water wheel spins; if that water is blocked by the gate,
the spin soon ceases. Later in their development, this will become internalized in
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Figure 223. Young child working with boats at upper canal mill races

Figure 224. Primary stream table U-shaped layout
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schemata of progressively elaborating abstraction as the capacity for doing work, hence
interpretable as horsepower, relative to force per unit time and so on).11 Factors of
gravity therefore also come into play here, available to be scaffolded by caregivers.
Fourth, the quadripartite mill races alternate as to type. Two are overshot
versions, with the shunt channel bottom panel extending well over the wheel itself,
powering the spin in one direction by striking the farther (distal) edges of the vanes.
The alternating two are undershot versions, spun therefore in the opposite direction due
to the source waterfall hitting the (proximal) edges of the vanes nearer the source
channel, i.e., on the opposite side of the axle. This is a subtle distinction, but a salient
one; our hope is that children will be provoked to consider possible functional reasons
for such structural differences. Again, direction of mill race spin depending upon
where the powering stream strikes it is a componential, and most relevant, affordance of
this comparison.
Fifth, the system has additional inherent affordances of rates of spin of the mill
race wheels based upon factors of placement: children may investigate (e.g., experience,
experiment with, environmentally consider, to extend the thematic operational triad
threading through this dissertation) what causes variation in the speed of rotation of any
given wheel. The relevant variables to be teased out here are which, and how many, of
the gate panels are in place (hence blocking water flow to its paired race) versus
removed (hence shunting water to that corresponding race). Such considerations lead
naturally to issues of prediction, and potentially even to elaborated causal thinking
regarding depth-to-volume (hence, then, volume-to-power) relationships in sufficiently
developmentally advanced children. Sixth, the proximity between the row of gates and
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mill races and the much larger cylindrical headwater tub with its geometrically larger
dam is provocative of thinking about broader elaborations of the domain of water
management, flow control, directionality of power transfer, and the like.

Linkages between fieldwork and final ATCE components
I would also like to mention an array of connections between the components
incorporated into ATCE and the data gleaned from the field research that I did. This
provides validation of the transferability across contexts that thoughtful AR can make
possible. The dam insert panels, for instance, have specific formal antecedents in
Indianapolis’ Scienceworks (albeit at much larger scale there), Chattanooga, Pittsburgh,
and COSI’s H2O COMPANY. While I admit to a preference for in situ versions like
those of the latter two exemplars (since they make it easier for younger children to use
readily and successfully), there is a flexibility to the removable versions, contributing to
the loose-parts approach that can serve semiotically to invite participation and
engagement (after all, the challenge of fitting the panel into the corresponding slots can
be great—and fundamental—fun for children intent on refining their fine motor skills).
The waterwheels have an even broader set of such models: I had found some
version thereof in Chattanooga, Lynchburg, and Carnegie, as well as at the H2O
COMPANY, Cinergy, and Playscape at Indianapolis. The attribute that I find
particularly compelling, however, about the ATCE version is that it is eminently
contextual. The format chosen, of repeated units of identical shape but different
relationships to the canal-based water sluiceways, is precisely referential to the way in
which mill races were configured in Holyoke’s industrial heyday, i.e., parallel, closelyspaced, and linking between the tiers of canal levels. Thus, attentive, history-cognizant
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parents or teachers can do follow-up walking or driving tours of the immediate
neighborhood of the museum, in a targeted search for the remains of this once-extensive
system of power delivery.

12

The combination of this authentic and lucid modeling of

the mill races with the topographically-similar plan of the exhibit to the Connecticut
River and its dam-based links to the canal provides a superb point of departure for all
ongoing Connecticut in the Classroom facilitated visits. In particular, the way in which
the canals are rendered as a geometric insert set into the loop of the broader river
segment makes the set-to-subset character of the canal network nicely evident, easily
extended into mapmaking enterprises, investigations into human changes of natural
environmental configurations, and play-inflected considerations of topological,
directional, and spatial factors in the built and natural environment.

13

Likewise, the

effort to render the topography as simplified yet legible has received a most interesting
treatment here.
While the overall configuration is patently realistic in layout, the particulars of
evoking natural land contours is much more schematicized than in any of the sources
that we considered, including Lynchburg most especially but also Cinergy and
Indianapolis’ Scienceworks. While the green, mounded topology will be eventually
treated in a more painterly fashion to relate it visually to the murals on the walls and
those to be added to the skirting, the abstract, loosely sketched perimeter edging of the
river portion of the exhibit is complete (Figure 224). While less overtly referential than
the solution of the original plans, which called for gravel and small stones encapsulated
within a shaped meandering perimeter of clear acrylic-topped banks as the prototype
depicted in Figure 225 suggests, this choice nonetheless points up the difference

595

between the broader, sinuously green- and white-edged river and the narrower, straightedged canal network. Too, at a basic aesthetic level, the border provides a whimsically
decorative patterning device. (Figure 226 shows another prototype, being held by its
designer and fabricator, which was likewise not incorporated into the final scheme.
This is one of the more elegant and robust solutions I’ve seen for a place-fixed,
position-variable dam; while slow to operate—the unit requires many turns of the knob
to insert or remove it—it is marvelously kinesthetic in function. I would hope that
Chuck Florio, its creator, will find other outlets for it).
Many other things learned, suggested, or reinforced as being of import
elsewhere, and consolidated during planning meetings, have likewise been seamlessly
incorporated. At the most general level of assessment, the undulating plan of the exhibit
has been smoothly inserted into the available space, effectively forming what Nair &
Fielding (2005, p. 18) refer to as a “Learning Street.” The sinuous configuration
produces the desired effect of requiring a gradual traversing of the space in order to
effectively comprehend it, derived from its incorporating of multiple encompassing
loops and curved surrounds along its length. Concomitantly, there is adequate room
around each part of the system for children to play safely.

The overall configuration is

compact yet uncrowded; especially in the center of the primary U-shaped zone, there is
sufficient room for children to be working all around the perimeter and still enable
additional fluid movement of other children or caregivers into and out of the area.

14

The mural work, triangulated for transferability across Lynchburg, Cinergy, and
Indianapolis’ Fall Creek Watershed in source, provides a profoundly immersive topical
elaboration, over a much larger span of the museum environment than would otherwise
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Figure 225. River-edge prototype

Figure 226. Fabricator with prototype
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have been possible within the time and budget limits (Figure 227 and 228). This
effective graphical inclusion, a planning metagoal, is an index of both the credibility of
our team’s informed expectations and of the transferability of the method: such graphic
augmentation can be put into place in virtually any CM that has the inclination and
intentionality to do so. Mural extension of exhibit themes and topics, finally, are
indicators of dependability in that, appropriately executed, they provide content
enrichment without adding to the square footage requirements of the exhibit. Again,
then, credibility factors in here by virtue of provoking significant image-guided content
expansion with relatively modest additional cost. It is worth noting that all the murals
in At the Canal’s Edge cost only $19,000, not much more than the fees incurred for
shipping and installation of the stream table proper. Also of note is the way in which
the murals may be used to scaffold narrative-based learning (e.g., “Write a story about
the one big salmon and all the little shad you saw that day we went to visit the fish
elevator at the Holyoke dam”).
Assessment details
From a more narrow assessment perspective, the range of height changes along
the lengths of the streams, due to very organic interpretation of the actual topology of
the different levels of canals in downtown Holyoke, makes at least significant portions
of ATCE physically accessible for even very small children, or those in wheelchairs.
This outcome is most salutary, in that one of our intents, stated early and revisited often,
was to ensure that visitors small in stature or with mobility challenges or other limiting
capacities across multiple modalities could interact readily and fully with the exhibit.

598

Figure 227. Schooling fish mural in upper far corner of exhibit space

Figure 228. Urban ecology mural in stairwell
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Early in our work together, I isolated and shared with the team a passage from Learning
in the museum in support of this accessibility-attuned stance. This sensibility,
which impacted the gestalt of our efforts, is becoming a field-wide guide for good
design of playful pedagogical spaces.
Universal design is a relatively new expression of an idea that has been around
for a long time: creating environments and artifacts that work well for everyone,
including people with disabilities. Far from being simply an architectural or an
accessibility concept, universal design in a museum is an educational concept
incorporating all factors that limit access. It defines an exhibit approach that
accommodates a wider population of museum visitors and, in the process,
enhances the experience for all visitors. (Hein, p. 168)
Lastly, at the most closely-lensed degree of evaluation, a potential debacle,
namely the issue of unintended systemic overflow, which I mentioned as being
prospectively problematic in several of the field research venues, is cleanly and
effectively addressed here. Each channel has failsafe shunting overflows to direct
excess water to lower parts of the system rather than ever allowing unwarranted
damming to occur. These targeted examples, then, both individually and in aggregate,
demonstrate the highly credible correlation (e.g., “goodness of fit”) between my
findings and the project they describe (cf. Hein, 1998, esp. p. 75).
Shortcomings
However, I do not mean to convey the sense that At the Canal’s Edge is a
flawless creation. While I am very pleased with both the general process and the
specific product, there are nonetheless a number of critiques of outcome particulars that
need to be specified. “Openness about the study’s ‘limitation’ is essential for PAR
[Participatory Action Research]” (Herr & Anderson, 2005, p. 103). In keeping with this
apt dictum as to methodology, I will discuss all such shortcomings of which I am aware
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over the course of the rest of Chapter 4. As suggested in Endnote 1 of this chapter, the
principal limitations which render the exhibit less comprehensive than our most
elaborated planning had projected derive directly from budgetary constraints. In
particular, a number of core elements of the design have been deferred, the most
important of these being the manifold wall, invention station, mill, and fountain.
Professional staff members of the Children’s Museum at Holyoke have already begun
planning intended to address these limitations over the course of the next several years,
as additional funds are secured through targeted fundraising and grantwriting efforts.
Chapter 5 will explain those projections and plans in greater detail.
Also, a fundamental design flaw needs to be corrected. The floor surface is
simply inadequate for such an environment, and should be augmented or replaced with
a more appropriate material or system. While the existing approach is berm-free, thus
presenting no impediments to full accessibility, its lack of water-shunting capability
creates a different sort of potential hazard: water tends to accumulate in puddles on
much of the floor surface surrounding the entire stream table, making footing uncertain.
I had provided a cogent and comprehensive argument early on in the planning process
in favor of investing in a complex but totally effective modular system of slightly
raised, slotted flooring, which both sluices water away as soon as it strikes the floor and
provides ready access to all drain mechanicals should that be necessary for maintenance
(the fiberglass slat system in place in a portion of Pittsburgh Children’s Museum’s
Waterplay exhibit makes use of that approach).15 I realize that implementing this
change, particularly as a retrofit, will require a significant outlay of cash and effort;
however, in my considered judgment safety factors mandate those expenditures. I see
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this situation as it exists as the single biggest failing in my work on the project. While I
made very clear, to everyone involved and on more than one occasion, that my
perspective as to what was required in providing safe, durable, and maintainable
flooring was very well informed, thoroughly researched, and more than adequately
triangulated from field research and interviews, that perspective was not taken, for fiscal
reasons—an understandable yet ultimately unfortunate choice.
Discussion—Global
Credibility
At the Canal's Edge is clearly and demonstrably a next-generation iteration of
the earlier Body of Water exhibit. It appears as self-explanatory, legible, and
comprehensible within the desired minimal apprehension-to-comprehension time span
on the part of visitors, both children and adults, including those previously unfamiliar
with the museum. While the full extent of embedded nuances of content such as
watershed, canal system, and ecological intentionality may require considerably deeper
investigation, multiple visits, or scaffolding from more knowledgeable peers,
caregivers, or teachers, the gestalt of the construction as a water-focused realm is
directly, immediately, and patently evident. Equally evident is the multiply-determined
nature of these outcomes, influenced by the totality as well as the particularity of my
field research and subsequent synthesizing AR. The facticity and felicity of the creation
provides core indices of the procedural credibility of my, and our, methodology. “If we
can show that what we know (our theory) stands up to public scrutiny, we can claim
that our theory has . . . truth value and is trustworthy ...” (McNiff & Whitehead, 2006,
p. 20). Thus, I have endeavored throughout this discussion to provide a legitimate and
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cohesive interpretive statement of how such public scrutiny might logically be framed,
both in global and in highly particular assessments. Chapter 4 is thus based on this
framing of appropriate scrutiny. In The enlightened eve: Qualitative inquiry and the
enhancement of educational practice. Eisner expands on the type of evidence which
produces such credibility.
This procedure will generate structural corroboration, “ . . . a means
through which multiple types of data are related to each other to support or
contradict the interpretation and evaluation of a state of affairs. ... We seek a
confluence of evidence that breeds credibility, that allows us to feel confident
about our observations, interpretations, and conclusions” (Eisner, 1991, p. 110).
A concomitant goal has been the search for indices of referential adequacy, “ . .
tested not in abstractions removed from qualities, but in the perception and
interpretation of the qualities themselves” (Eisner, p. 114). The convergence of these
linked methodological attributes has, to my mind, produced a compelling and
persuasive synthesis of powerful evidence of the utility of this approach to exhibit
development. That is, the data are believable on their own terms.
Transferability
Given that this study has used a number of cases, informants, and a multivalent
data gathering protocol (following Marshall & Rossman, 1995, especially p. 144),
transferability to analogous settings is considerably enhanced. Another important
action research approach, namely the goal of making the entire enterprise “community
specific” (Nair & Fielding, 2005, p. 2) is contributory as well, and—if followed
procedurally by other CMs engaged in subsequent related exhibit development—also
connects powerfully to the ensuring of such transferability. In fact, the communityspecific descriptor applies both to what the exhibit is, in its actuality, as well as to how
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it was planned from the outset. It is imperative that action research protocols adapted to
such future enterprises be embedded, as was this one, in regionally-attuned contexts
rather than attempting to craft solutions using this work as a literal one-to-one model.
Dependability
The results also point up the dependability of action research protocols in exhibit
development. As I have emphasized throughout, the AR approach does not in any way
suggest lack of rigor, accountability, or methodological coherence. On the contrary, it
provided us clarity of perspective as well as fixity of purpose across an extended period
of time and over the accumulation, assessment, and integration of a great deal of
ostensively disparate data. It is a strength of the process that it allows divergent
thinking for a much greater portion of a project than do more traditional approaches; in
a multivalent and inherently multi-modal enterprise such as the creation of a complex
exhibit in a regional children’s museum, such expansiveness of scope and open-ended
inclusion of information whose utility is not necessarily immediately self-evident is
most salutary. I believe, in retrospect, that the individual and collective perspectives of
the planning team were greatly expanded by that openness of style and sensibility; as a
result, the flow experience of creativity (Csikszentmihalyi, 1997) was fully nurtured and
supported. As well, any individual participant who required more time to process given
data, to consider alternate possibilities, or to accumulate supporting data for providing
potentially controversial suggestions had that time. As a result, we processed many
more of my suggestions, and those of my colleagues, than we had either resources or
space to incorporate. Nonetheless, these presentations enriched the dialogue, and
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overall helped us envision and create a concomitantly richer product than we would
have produced by means of a more linear, rubric-limited research methodology.
Discussion—specific
“It all depends on the frame ... “ (Geertz, p. 251). “The set of topics the study
explores, taken together, might be said to constitute the substantive frame of the study”
(Weiss, 1994, p. 15). I might add that the Goffman-informed frame, in this instance,
being rendered based upon needs and intentionalities stated by practitioners working
within the field, is quite expansive as to its boundaries. That is, entirely in keeping with
the guiding parameters set forth in my dissertation proposal, it is both theory-grounded
and practice-directed. “People who do research should have only one concern in their
work, and that is to capture, with scrupulous honesty, the way things are” (ibid, p. 213);
this effectively provides a revising of my earlier framing query of ‘what’s going on
here?’). Now, as I consider the finished ATCE, I find great veracity in Eisner’s point
that “‘What is it like to be here?’ is a profoundly nontrivial question . . . “ (Eisner, 1991,
p. 72). “The most critical part of research is not getting the data, but making sense of
it” (Root-Bemstein & Root-Bemstein, 1999, p. 105). Action research methodology has
provided what Geertz (2000, p. 84) calls “ ... an enabling discipline .. . “ in our joint
efforts at achieving highest-order practice and in my personal efforts to frame that
practice in highest-order parameters. Both the research per se and the drafts which I
produced and disseminated as cyclic iterations of my, and our, elaborating
comprehension of what that research suggested had seminal application to the final
outcome. The narrative transferability of the dissertation synthesizing the full process
will certainly impact ongoing summative evaluation and inform future exhibit
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expansion at the Children’s Museum at Holyoke. It is likewise my intent to make the
document available to other professionals at other children’s museums, discovery
centers, science museums, and the like so that they may utilize its transferable aspects.
It is traditional in educational research to develop a body of work that explores
nuances of very specific research questions that, though connected, spring from
questions often generated independent of practitioners. This approach can result
in each new investigation being functionally and conceptually separate from the
research that preceded it with little application to practice. A more practicebased approach would design studies collaboratively that complement, overlap
and equally ground theories of social science with the needs of practitioners. It
is insufficient to have a wealth of research findings about how visitors learn in
and from museums if these findings do not bear any relationship to practice nor
are designed to influence it. (Dierking et al., 2005, p. 1)
In my best judgment, informed by my incrementally-constructed insights about
both exhibit development practice writ large and about my personal learning in relation
to it, the findings of our AR-directed team have resulted in our rendering an
appropriately coherent solution. This outcome, in a manner closely aligned with
Dierking et al’s (2005) guidelines, devolved from practice, directly within the CMH
institution and indirectly distilled from many exemplars from the field beyond it.
Likewise, the results in turn extend the mechanisms and boundaries of that practice.
Since all the design and development questions we have endeavored to frame and
answer over the span of the project were generated by concerns of practitioners
intimately connected to the inputs and outputs of the project, the attribute of credibility
is clearly demarcated. Likewise, since all our research findings have been directed
toward the integration of theory and practice—what Dierking et al (ibid) parse into
conceptual and functional frames—ATCE as a project and as the basis for a dissertation
has throughout been designed to influence practice, and has demonstrably done so, as
these two concluding chapters of my dissertation point up, with particular emphasis on
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fulfillment of the core action research criteria of dependability, credibility, and
transferability. A point articulated by Nair & Fielding (2005, p. xv) makes vivid this
integration of theory and practice:
... we are saying that it is possible to go beyond paying lip-service to children’s
needs. We want everyone in our profession [designers of learning spaces for
children] to understand that it is our work more than our words that can
demonstrate our care about the places in which our children spend .. . their
working hours.
Authorial assessment of project
As a core component of my assessment of the totality of the At the Canal’s Edge
enterprise, I elicited the final set of inputs from my critical friends and from my
validation group. Since I was sharing results with them, including photographic
documentation and my initial drafts for what would become the final two chapters of
this dissertation, these encounters, which took place during June and July 2006, were
more specific in character than previous meetings. “Meetings . . . that consider final
submissions act as summative evaluation meetings” (McNiff & Whitehead, 2006, p.
160). My critical friends, as always, were invaluable in their commitment to paying
careful attention to my evidence and in scrutinizing my claims for clarity, coherence,
and credibility. Their shared insights provided me the standpoint from which to achieve
consensual validation, “ . .. agreement among competent others that the description,
interpretation, evaluation, and thematics of an educational situation are right” (Eisner, p.
112). Most especially, they focused my attention on decisions made by CMH
professionals that had major impact on the character of the actual building and installing
oiATCE. In talking through the final choice of contractor, I came to realize the extent
of the challenges which that determination created.
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The Project Director’s decision to use a Kentucky-based exhibits fabrication
specialty firm to build and install the exhibit resulted in a well-crafted construction, but
I would argue one with minimal local heart inhering to it, thus with no capacity to
evoke expansive community support at a level that I believe to be very important. As
noted above, any significant problems with the structure require long-distance
consultations, and only the most major of issues can be addressed by the fabricator on
site, since such issues require MurphyCatton to send a representative 817 miles from
Walton, KY. To my mind, a commensurate loss is that no local firms, craftspeople, or
installers have any significant primary connection to the project. While that sort of
pride in outcome is ineffable, it is no less real for all that; over the years, the museum
has reaped many unexpected benefits from the generosity of contractors who had come
to know the museum through building a particular exhibit, doing an addition, retrofit, or
expansion of part of the museum (the Learning Laboratory, WGBY-TV Studio, and the
Family Resource Center were all major-exhibitry examples of such indirectly-derived
support) or having at least a role in such an endeavor. The pleasure such professionals
take in being part of the fabric of a palpably valuable community resource for children
and families renders them, effectively, partners in ongoing and future enterprises.
The instance cited in endnote 4, this chapter, is a small but lucid example of the
way in which the CMH environment and personnel engender such support even without
anticipating it or having to solicit it. Dozens of such individuals and firms have
volunteered substantial time, money, and support (including serving as Board members)
to CMH after having initially performed some contractual service there. ATCE, as a
major new addition, would have generated another wave of such naturally occurring
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regional support had it been crafted in Western Massachusetts. Having my validation
group in fact validate my heretofore unarticulated sense of loss around this particular
piece of the development puzzle was an uplifting experience. Their providing me the
venue to formulate this critique gave me the space to reflect cogently on the only part of
the process which made me uncomfortable; by being afforded such revisiting
opportunity, I was able to come to grips with that disappointment and to recognize it for
what it is, a small portion of the overall enterprise which, in the long view, has but
minimal direct negative consequence. The exhibit, as my critical friends rather
uncritically reminded me, is up; is working well both mechanically and didactically; is a
well-designed platform from which to run all sorts of outreach efforts, both to school
groups and to other visitor groups; provides a fine new addition to the overall museum
floor offerings; and positions the institution well for the next round of grant proposals,
both those targeted to elaborating At the Canal’s Edge and its partnered Initiative, the
Connecticut in the Classroom, as well as for more general grants which are likelier to be
awarded with such a best-practices component added so recently to the museum’s
offerings.
During one of these conversations with my critical friend Theresa Kamecki
(personal communication, 7/27/07), we realized how powerful it could have been to
have used the visuals I developed over the series of field visits with some focus groups
of children. To hear their comments, impressions, and interpretations, as well as simply
to see what excited them, what made them curious, or delighted—what made their eyes
sparkle, to use a guideline that some of the best early childhood educators I know use to
decide when they have deeply connected with their class or group of children on a
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particular topic—would have been a very logical, undoubtedly highly interesting, and in
all probability exceedingly useful piece of action research that might have provoked a
significant alternate direction for our team to have followed. Perhaps someone from
another children’s museum will decide after reading this dissertation to do just such a
thing.16
Broadly, I was looking for what has become a field-wide view focused upon the
ineffable, what Hein (1998, p. 101, crediting Anderson) refers to as, “ .. . noseprints on
the glass,” to provide nuanced yet incontrovertible indices of credibility both for my,
and our, methodology and for the specific results which that methodology rendered
possible. It is my best judgment that I was able to effectively communicate this
sensibility to my colleagues. I heard, more and more regularly as the project moved
along, commentary from other team members that focused on what particular solutions
might be likely to evoke as responses in children, what elements might be most
engaging, what devices were developmentally most appropriate for particular age
groups, and the like. These rather Piagetian perspectives were not part of the
conversation when the group began its work; given that Project Director Silver told me
during debriefing that my input had dramatically and substantively shifted her thinking
over the course of the project, I feel that such pressing for transparency and childdirected standpoints on my part had at minimum the general effect I intended.
Synopsis
The process, guided by the Project Director’s inspired, unflagging coordination
and steered as well by my ongoing facilitation, resulted not only in a museum exhibit.
In myriad ways, it also resulted in the incremental yet irreversible advancement of

610

museum practice, broadly for CMH’s institutional approach to mission advancement
and, in a more narrowly focused lensing, for our collective and individual
competencies. Our trust in the operational power and utility of group processes,
orchestrated and consolidated by virtue of action research with its emphasis on values,
agentivity, and change, was immeasurably enhanced. At the personal level, my own
practice will never function in quite the way it previously manifested: my gradual
assimilation of the nuanced, synergetic quality of cyclic revisitings of creative efforts,
spiraling upward in unanticipatable elaborations of insight and action, has in sum subtly
but substantively recalibrated my professional approach to exhibit development
specifically and to pedagogical enterprises generally. While I have in the past made
extensive use of such methods as brainstorming, focus group inclusion, and integration
of academic sources with experientially-informed input, I have now accommodated my
practice to a more specific, targeted means of using such devices; rather than simply
intuitively plunging ahead with them, I now have a frame of reference by which to
adopt and adapt them as particular, targeted means to more fully articulated ends. As a
result of my immersion in the ATCE work, I now have a model, firmly grounded in
personal observational learning, of an effective, efficient, and efficacious method for
synthesizing the domains of the expansively creative with the rigorously researched and
theory-inflected. Too, I am now more confident in my competence at creatively
managing large-scale projects.
Summative evaluation to this point in the overall project has been loosely and
informally encoded. The museum would do well to conduct a much more extensive
study, including the administering of a series of survey instruments to sundry visitor
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groups, before they make major operational decisions as to how specifically to expand
on the exhibit as it currently exists. Integrating such in-house evaluative mechanisms
with the array of suggestions I provide in Chapter 5 will afford rich elaborations.
The exhibitry as finalized points up the credibility of my previous findings of
the primacy of playful social contexts as foundational to children’s museums. Too, the
parallels between ATCE and the various source models points up the dependability of
the AR process in isolating and explicating transferable attributes and qualities. While,
as my extended treatment of the results description suggests, the outcomes we achieved
are unique as to particulars (e.g., the extensive array of models were deeply considered,
analyzed for possible transferability of congruent concepts, but never copied), there
exists nonetheless a necessary and sufficient categorical character. That is, we have
succeeding in crafting another exemplar for the field, allowing the Children’s Museum
at Holyoke to now be folded in to the panoply of water exhibit demonstration sites
nationwide which exemplify promising practices.
The following schematic (Figure 229) encodes a summarization of the parallel
loops of AR, goals-clarification cycles, and evaluation-refinement sequences which
emerged synchronously during the exhibit development process. It was the integration
of these multiple streams of effort which both rendered the project qualitatively
different from standard children’s museum protocols and also provided the data sets
supporting the theme and thesis of this dissertation. The ATCE project has
demonstrated that action research provides an exemplary approach to guiding the
crafting of such constructivist learning laboratories, and as such serves a viable model
for future research and development efforts in other children’s museums.
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Figure 229. ATCE Project development schematic: action sequence and timeline
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Notes
This phase does not fully implement the intentions of the planning team, the Project
Director, or of the institution overall. The goal is to add to this core exhibit over time,
as additional funds are procured. The Recommendations section of Chapter 5 specifies
an array of such extensions that were formalized during summative evaluation meetings
that Marie held with the planning team and with me individually, as well as additional
recommendations that I have subsequently formulated.
2

I was disappointed in the particulars of this part of the project. I had made
arrangements to have the two pool segments, each a loop form, recycled to a Monson,
MA farm where they were to be converted to a raised-bed garden, an appropriate reuse
of structures that embodied a good deal of time, money, and material in their
construction ($25,000 in 1995 dollars). This would have considerably increased the
‘Green’ (e.g., environmentally sustainable) level of the project by recycling the majority
of the elements from demolition. This arrangement, carefully scheduled in advance,
entailed having the pools transported on dollies by the volunteers to a factory building a
block away, where they were to be stored for a week until a truck and crew could be
secured to deliver and install them on the Monson land. Unfortunately, on the day of
demolition, insufficient personnel was on hand to safely handle the moving;
consequently, the pools were simply sawn into manageable chunks and thrown into a
donated forty-yard dumpster.
3

This was not a straightforward procedure. In spite of having City of Holyoke
involvement (since the museum is located in a city-owned building) and thus having
convenient access to all available building plans and specification sheets for guidance,
the contractors still accidentally cut through the alarm system electrical lines.

4

This phase, in contrast to the debacle of the demolition sequence, proceeded in a most
serendipitous manner. When the epoxy contractors first visited the site, they were so
impressed with the excellence of the museum that—on the spot—they volunteered to do
the entire job pro bono, as a way to support the institution through donation of services.
This was not a solicited donation—the project director had already budgeted the funds
to cover this aspect of the work. It was simply an unanticipated gift that allowed some
unexpected fiscal flexibility in this concluding segment of the project timeline.
5 The charges for shipping and installation came to more than eighteen thousand dollars
over and above the fabrication costs per se. It is this sort of cost add-on which led me,
throughout, to push strongly—obviously, as it has emerged, and most unfortunately, in
my perspective, to no avail—for the use of local or at most regional fabricators. In the
latter instance, the cost of delivery and set-up would have been less than ten percent of
what the museum wound up paying. Even now, after the fact, I would much rather have
seen that amount spent on a better flooring solution than on transportation costs. In
evaluations of projects in terms of ‘Green’ assessments (cf. endnote 2 above), such
large distances required to transport core components are considered environmentally
deleterious; using local or regional sources dramatically changes the energy ‘footprint’
of the overall enterprise.
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6 One of the CMH professional staff told me that, when removed, the month-old copper
pipe “looked like lace.”
7

This was another regrettable instance of a warning being ignored or forgotten. I had
made clear to the team early in our planning that certain polymers should not be used in
the fabrication, because if they ever sprang leaks, repair would be highly complex,
aggravating, and expensive. I had seen that with the Body of Water exhibit, when 1 had
to locate nitrogen welding equipment in order to make necessary after-the-fact repairs.
Unfortunately, the caveat got lost in the process.
8

Still, I would much have preferred the open-span approach suggested by Tom
Lindsay, Children’s Discovery Museum of San Jose, during the Soaking Your Visitors
presentation (cf. AR’s applicability to the project section, Ch.2). Not only does it afford
considerably more convenient access for maintenance and repair, it allows daily hosing
down of the mechanicals in their entirety, a most expeditious way of keeping bacteria
well under control, reducing mold and odor problems, and making regular visual
inspection of all components simple and thus more likely to become standard protocol.
Enclosing all components, while visually crisp and encapsulate, makes all this invisible,
“out of sight/out of mind.” Hence, the opportunity to catch incipient problems before
they have time to become full-fledged repair issues is eliminated. Also, of course, it
makes the whole system a (very big) black box; I regret not being able to successfully
negotiate that important point.
9

The minimal contribution from Holyoke Gas and Electric was a major disappointment.
Officers of the corporation had initially indicated that they would be interested in
becoming a primary sponsor of the exhibit, in particular because its topic is so integral
to their operation, and because they have an organizational mandate to support
educational programming in their catchment area regarding power creation, distribution,
and use. However, during the early phases of ATCE development, major
reorganizations were implemented at HG&E which unexpectedly and dramatically
restructured their educational priorities and thus made the CMH project a negligible part
of their outreach efforts. The professional staff at the museum and I are nonetheless
cautiously optimistic that a sponsorship arrangement may still be crafted with the utility
provider for future ATCE expansion.
10 I am indebted to the teaching of the late sculptor Peter Agostini, with whom I studied
briefly at the New York Studio School in 1969, for making clear the optical factors
which allow pure white objects to be most readily and accurately perceived in their
gestalt. Agostini worked extensively in plaster to take advantage of that visual fact.
11 This is also an example of the utility of application of Dewey’s spiral curriculum,
mentioned previously (Project antecedents section, Chapter 1). The most seemingly
elementary steps in the process of comprehending water as a topic, fully and
comprehensively, are actually literally that: they are fundamental elements in the
sequence leading—potentially, given sufficient fixity of interest—to domain expertise.
There is mathetic power to revisiting such issues as rates of spin, factors of volume, or
methods of power transfer at progressively higher points along the development
trajectory; there are direct connections between water play and hydrology, water
management systems, hydraulic engineering, and the like. A source of relevant data is
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the UC Davis J. Amorocho Hydraulics Laboratory (JAHL)
http://jahl.engr.ucdavis.edu/background.html
12

While, as noted in Neal Mayer’s conceptual design white paper (cf. Exhibit
designer’s conceptual scheme section, Ch. 3), water power from modernized mill races
is now used only in a very limited way in Holyoke, the majority of the actual raceways,
that is, arched brick-lined tunnels underneath each of the factory buildings connected to
the canal network, are still in place, set into the massive granite vertical walls lining the
waterways at points a few feet below the building foundations.
13

The Connecticut in the Classroom curriculum guide provides sample guides for just
such facilitated activities. Map it! (pp. 64-65), Exploring Water Power (pp. 29-31), and
Imagining Holyoke (pp. 112-113) are specific examples (Children’s Museum at
Holyoke, Holyoke Public Schools, & WGBY/PBS/The Connecticut River Education
Initiative, 2004).
14 To my mind, this was an inadvertent positive outcome to a constraining budget. Had
funds been available, I have little doubt that the mill element would have been wedged
into that space, simply because it had been part of our thinking for a long time and was
very high on the team’s wish list. As pedagogically valuable and interesting as the
component would have been, it would have been disastrous to the stream table’s
effectiveness, entirely impeding the traffic flow around the interior core of the unit.
While the mill is still very much in play as a possible near-future element, it will now be
sited in a separate zone, much more logical in spatial terms, integrated into the manifold
wall and the invention station (cf. Mill section, Ch. 5, for additional information).
15 Core insights into the critical need for this sort of front-end investment in safe and
minimal-maintenance solutions for substrates emerged from my extensive interview
with John Spalvin, the long-time principal designer for TCM, the Boston Children’s
Museum spinoff fabrication firm (see also endnote 17, Chapter 3). That conversation,
augmenting my own previous awareness of the situational parameters based on six
years of experience with the original CMH Body of Water exhibit, led me to pay close
attention to alternate approaches to handling the issue when doing my field research.
Any number of alternate approaches can be highly effective; three different examples of
such solutions are shown in Figures 71, 92, and 166 in Chapter 3.
16Were I to do such an activity, I would preface it with a purely creative session, or at
least an introductory portion of the core photo-based session, in which the children
would be given the opportunity to generate their own suggestions and solutions as to
what a water exhibit might ideally be like. Even if they had never seen an example,
their imaginations would provoke at least tangentially relevant ideas; these, then, would
serve as legitimate, authentic points of departure from which to begin to discuss the
formal extant examples. Again, this is in keeping with the notion (cf., e.g., Children’s
museums section, Ch. 1) that adults should not present adult solutions as if they were the
sine qua non, that is, the only apt response, or the apogee of possible responses, to the
problem at hand.
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CHAPTER 5
SUMMARY, RECOMMENDATIONS & CONCLUSIONS
Recall the principle: use what you need to use to say what you want to say. Elliot
Eisner1

In this final chapter of the text of my dissertation, I will provide a consolidating
encapsulation of my findings regarding the work I and my colleagues did to create the
At the Canal's Edge water-focused, Connecticut River-inflected exhibit at the
Children’s Museum at Holyoke, MA. I will begin with a summarization of my
principal findings. I will then provide a broad sampling of relevant recommendations
derived from these findings, including directions for future research. The first, more
global portion of this segment will be framed in terms of the targeted practicable
evolution of praxis in CMs generally; the following, more specific portion will then
focus upon appropriate elaborations of the exhibit and its related programmatic
extensions. Across this segment, I will explain the significance of the study, with an
emphasis on the implications of my work for the children’s museum field writ large as
it maps onto and impacts early childhood education and family studies more generally.
Finally, I will conclude the chapter with a compendium of arguments which in
aggregate support my thesis, namely that action research provides an effective way to
both facilitate development of an elaborate exhibit at a regional children’s museum and
to report out and summarize that process. This chapter provides a compendium of ways
in which my planning team partners and I have “ ... learned to improve practice with
educational intent” (McNiff & Whitehead, 2006, p. 240).
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Summary

My work on this action research project across a multi-year span has
demonstrated that an effective way to structure the process of complex exhibit creation
is to utilize sequentially the organizing frames of Mission Statements Vision
Statements Action Plan. Related operational constructs which proved of comparable
utility were values, vision, goals, actions, and outcomes. Implementation was integral
to this process of inquiry, thus informing each step. There was never any purely
theoretical investigation; rather, the imperative of an eventual concrete result served as
a pervasive and persistent reminder to incorporate the practical into each conceptual
protocol. Like most CM projects, this one has consistently operated at the intersection
of streams of continuity and change. Being mandated to seamlessly incorporate an
entirely new element, with all its accompanying supporting aspects, into an existing
system, structure, and situation set forth a challenging but intriguing set of obligations.
AR proved highly useful as a constellation of interactive methodological
protocols to help us organize the complex sequence of the development of this exhibit,
and to expeditiously and opportunistically take advantage of new information as it
became available. It allowed us to respectfully and, I believe, thoughtfully incorporate
concepts and ideas from a wider array of stakeholders than we otherwise would have
consulted. Further, it gave us a schema that let us become more comfortable with, thus
more efficient at using, non-linear, non-hierarchical, and non-obvious data, and at
incorporating interpretative insights derived from that data in creative and
unanticipatable ways. “Qualitative research is interpretative research, with the inquirer
typically involved in a sustained and intensive experience with participants” (Creswell,
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2003, p. 184). This synergetic process was instrumental in allowing all planning
partners to assume intensive personal as well as professional investment in and
responsibility for each AR cycle, with a view to optimizing the final creative result.
An important question at this point concerns what is confirmatory, that is, what
predictions are fulfilled or have been proven true. A primary confirmation of my
expectations is that the team of reflective practitioners has learned through our
extensive series of AR-influenced work loops to improve practice by virtue of
concentrated utilization of field research as the standpoint from which to produce
creative plans. Also, my assumption regarding the applicability of AR to frame the
step-by-step, day-to-day progress of complex exhibit development has been fully
substantiated. Too, my predictions about the constructivist nature of the learning
scaffolded by a water exhibit have been robustly verified. One of my core conclusions
at this point in summarizing my research is that water tables indeed support deep
constructivist learning at a very high order of effectiveness and efficiency. My working
assumption from the outset that inclusion of multiple informants in the ongoing
developmental process would be methodologically apt has been borne out; both the
wide spectrum of children’s museum professionals who were generous with their time
and creative feedback and the stakeholders who provided appropriate input proved
invaluable as collegial co-constructivists. Not least, my expectations that an intensive
and extensive exchange between a children’s museum and a doctoral candidate could be
enormously profitable for all concerned was conclusively demonstrated.
Core to what we assumed was the point, “There is evidence to support the
notion that the physical arrangement of the play setting may directly influence the types
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of children’s play” (Petrakos & Howe, 1996, p. 66). Thus, this is a non-trivial
perspective to consider in ongoing evaluation of the exhibit and especially in
prototyping any and all future additions to it. On my view, it is imperative, given the
spatial limitations of the overall envelope housing ATCE and adjacent to it, that all these
be most carefully considered, mocked-up at full scale, tested in place, and felicitously
adjusted if the area is to avoid becoming overcrowded. All the ingenious and elegant
addenda suggested below are of dubious utility if their incorporation simultaneously
renders the overall context unduly complicated, chaotic, or confusing.
A primary insight I brought to bear was that ongoing reflection needs to be part
of any creative process, and that remedial evaluation and summative evaluation—that
is, deep revisiting of each phase as it is at least tentatively deemed complete—is
especially critical, in that it not only provides closure to the project to that point but
indicates possible future directions to take. These might include close adherence to
previous protocols or significant deviation from them; elaboration of all or some
previously-schematicized guidelines or jettisoning thereof; and active searching for
augmenting, ancillary schemas, cues, or models that will enrich the AR loopings.
Playfulness emerged as a specific desired and achieved quality or attribute of the
final product, as well as a core aspect of the creative process itself. Throughout, I
related this sensibility to the notion that playing is the best practice (e.g., in both senses
of the term, not merely methodologically, but as a way to gain skill or fluency in sundry
domains of activity derived from whimsical recursive revisitings). This point also links
closely with transferability: other institutions can use comparable imaginative and even
occasionally capricious methodology in ensuring that any new water exhibit they
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develop embodies multiple powerful, non-trivial, and non-arbitrary connections. Such
associations should link to other exhibits in place on the museum floor, to previous
exhibits or themes, and to existing or projected program initiatives.
While a core expectation of the action research approach is that it is incumbent
upon practitioners who are making use of extant work (e.g., professionals relying upon
this dissertation for information and guidance) to ascertain the transferability of the
original research to their particular setting, nonetheless, “ ... we have to make clear the
limits of the population to which we can generalize” (Weiss, 1994, p. 212). To my
mind, the single most significant potential elaboration and generalization of the ATCE
project is that it can serve as a global model for other children’s museums, particularly
those (like the Children’s Museum at Holyoke) with sharply constrained fiscal and
staffing resources, to bring on board as specialized consults graduate students enrolled
in appropriately related programs at local or even regional institutions. As noted earlier
(Museum-context analysis section. Chapter 2), “In terms of research in children’s
museums, time, resources and capacity are tremendous obstacles to meaningfully
integrating research into day-to-day practice” (Dierking et al., p. 1). At the same time,
graduate students are intensively casting about for particularly compelling, engaging,
and relevant domains in which to do their master’s theses and doctoral dissertations. To
integrate those two important constellations of needs into a standard partnership of
action research-connected work is a reasonable, realistic, and socially important goal.
This encompasses individuals and groups studying architecture, design, industrial
design, ergonomics, and interior design as well as those in the more self-evident
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domains of early childhood education, family studies, institutional management,
program evaluation, and the like.
I believe a dissemination of the irreplaceable value of AR per se into the field
would be a core service: in fifteen years of Inter Activity attendance, I have never heard
the term mentioned. I see this use of AR, additionally, as a way to extend the “Selfevaluative protocols shared across institutions; for instance, SWOT analysis (Strengths,
Weaknesses, Opportunities, Threats)” (Falk & Dierking, 2000, p. 219) that museums
have been adapting from multiple organizational-improvement models for the past
several decades.
Likewise, my work has potentially high orders of transferability to many public
schools across the country and indeed around the world which have close partnering
relationships with a regional children’s museum, presupposing that sufficient
determining characteristics of those mirroring institutions map as analogues onto CMH
or the Holyoke Public School system.
“Showing how your work can constitute a theory of practice is essential if you
wish it to be seen as a potential contribution to educational theory” (McNiff &
Whitehead, p. 160). I should reiterate, following the excellent tradition of stating one’s
authorial biases, that I believe deeply in the utility of seeking to integrate theory and
practice as fully and as seamlessly as one is capable of doing, using one’s personal
voice and professional perspective as the standpoint for the discussion. In adhering to
this frame of reference, I have attempted to make theory-method links as transparent as
I possibly could. To that end also, I have worked assiduously to articulate and
substantiate the core principles which inform my pedagogy: hands-on/mind-on,
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cognitively contextual/situational/distributed, and with multi-modal and multi¬
dimensional central attributes. In turn, I have attempted to carry out all my action
research with those sensibilities informing each phase of the work, and to seek to bring
them into the final process and product of my colleagues’ efforts and my own. Thus,
throughout, the work has been child-centered, physical-environmentally driven, sitespecific and place-based, interactivity-modulated, and as multi-modal and cross-domain
as I, and we, could conceptualize, formalize, and implement. All the attributes
converge to undergird a coherent theory of children’s museum practice extending
current methodology through its use of action research as a core tenet.
Recommendations

This penultimate section of the chapter defines what should be done now that
the research findings of the project have been compiled, implemented, and assessed.
The compendium of suggestions is based entirely on the outcomes of the work, and
addresses categories both for improving the project under review and for considering
subsequent related exhibits. This section also outlines areas for future research derived
directly from the work under review.
Set out how doing your research has led to the development of new practices
and new thinking (theorizing). Whose practice has changed, yours or other
people’s or both? How can you show that this new practice is an improvement
on previous practices? Are your values now being realized? On reflection,
could you or should you have done things differently? (McNiff & Whitehead,
pp. 194-195)
I would like to address briefly each of McNiff & Whitehead’s points, since they
encode an expansive assessment rubric ideal for the work at hand. Such a framework is
most useful in this summarization, to impose manageability and order on complexity in
which, at times, “The skein of associations seemed endless” (Kidder, 1999, p. 330).
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•

The framing protocols I introduced to CMH professionals resulted in their
gradual but comprehensive adoption of AR best practices. A primary insight I
brought to bear was that ongoing reflection needs to be part of any creative
process, and that remedial evaluation and summative evaluation—deep
revisiting of (each) phase that might be deemed complete—is especially critical,
in that it not only provides closure to the project to that point but indicates
possible future directions to take. These might include close adherence to
previous protocols or significant deviation from them; elaboration of all
guidelines or jettisoning thereof; and active searching for augmenting, ancillary
schemas, cues, or models that will enrich the AR loopings.

•

Practices have evolved and become clarified and more specific in their
articulation, in both form and content. The in-house methodology of the
museum professional staff has become more robust, more inclusive, and more
confident as to competence. My own practice has likewise gained fluency in my
skills at working with a diverse group of stakeholders and co-constructivists.

•

Asa result of the guidelines and procedural roadmaps provided to the project
and the CMH professionals by my AR methodology, the project became,
incrementally but consistently, more clearly comprehended, articulated, and
organized. This lucidity of expression (of visions, goals, objectives, action
plans, and assessment rubrics simultaneously considered and interwoven) gave
the procedures a far more creative and yet also more structured frame of
reference than had existed previously in any CMH project development
sequences. Ms. Silver, Ms. Barton, and several other professional staff noted in
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final evaluation sessions that this newfound array of integrated heuristics and
skill sets have considerable transferability to future projects. Likewise, the
clarity of the approach, if rigorously and sensitively adapted to comparable
projects being developed at other comparable institutions, has a high order of
dependability. The process encodes exemplary utility and efficacy.
•

The process and the outcomes incorporate and emphasize the core values that
inform and undergird my work, and that of my colleagues, in their most
expansive and important senses (cf. Values-driven working assumptions section,
Chapter 1). During revisiting and debriefing meetings, there was never a sense,
expressed or implied by any of the participants, that the exhibit failed to meet
these core metrics in any significant way. My fieldwork provided so many
powerful instances of transferability of didactic value across such “water
features” (Campbell, 1982, terminology used throughout) that the credibility of
our intentions was deeply and broadly substantiated.

•

As to what we could have done differently, having the exhibit fabricated
regionally would have rendered the most significant change. Bringing more
potential stakeholders to the planning table early on would have cast a wider net
for accumulating salient insights from future exhibit users. Otherwise, only a
significant infusion of additional monies would have made substantively
different results possible. Much of the rest of this chapter, framed as
recommendations, sets out the array of alternatives as I currently envision them,
which may—implemented over time, by means of judicious accrual of funding
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streams—elaborate At the Canal’s Edge into the most fully expansive exhibit
possible.
In keeping with my consistent modus operandi of beginning with the general
and moving to the particular, I will begin these recommendations with a brief portion
devoted exclusively to those that have more global or field-wide relevance or reference.
Subsequently, and much more extensively, I will address issues which apply
specifically to ATCE\ I will explicate these across both exhibitry and programmatic
domains. In both these sets of passages, I will begin the discussion with elements
planned at least in rough draft form by the CMH team; only after these are fully defined
will I add my personal design and pedagogy recommendations.
Directions for future research
Global
“In the social sciences ... it is important to be able to generalize, to report not
just about particular individuals or particular institutions but to make credible assertions
about a larger class of individuals or institutions” (Weiss, 1994, p. 209). This portion of
my dissertation concentrates on a number of such substantive transferable attributes of
both the process and the product of the work my colleagues and I did. I will first
unpack the ways in which our elaborated understanding about the utility of AR—
particulars of which have been discussed at length as to their local applicability—may
be of considerable use to children’s museums in general.
A dissertation forces action researchers to think not only about what knowledge
they have generated that can be fed back into the setting (local knowledge), but
also what knowledge they have generated that is transferable to other settings
(public knowledge). (Herr & Anderson, 2005, p. 10)

626

“This rise in the importance of education in museums, and education’s increased
role in shaping the mission of museums (and museum associations), requires that we
study and understand learning in museums” (Hein, 1998, p. 12). I believe that
children’s museums, in particular among the array of museum types alluded to by Hein,
are already well positioned to begin making much more extensive and targeted use of
action research protocols as a means to the end of better understanding the learning that
goes on there. As I have discussed and documented throughout this dissertation, the AR
methodology is especially well suited to the operationalism of CMs. The fact that
practitioners can begin becoming more reflective about their work—with an
increasingly clear sense of the implications of their actions on their praxis, their
institution, their community, as well as on their personal lives—without needing to step
outside of that practice for an extended time to become deeply trained in research
methodology, is most relevant. The approach lends itself to a leaming-in-process
situation, in which each subsequent cycle of investigation (planning^acting->
observing->reflecting) can—if executed thoughtfully and with maximum
intentionality—result not only in the advancing of the museum agenda as to the
particular circumstances at hand, but also in the simultaneous, parallel advancing of the
individual reflective practitioner’s values, competencies, and agency. I view this
learning curve as being one of extraordinary effectiveness as a professional
development tool, capable of eliciting progressively higher orders of thinking, and thus
of consequent action, as the cycles evolve.
As a correlate, this is an area rich with possibilities for establishing new
partnerships—or extending existing ones—between museums and local or regional
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graduate schools of education and social science. Graduate students trained in action
research methods could serve as mentors to museum staff to guide them in the
integration of AR into their standard practice. In turn, the museum could—as in the
case of the ATCE project—become the site for the graduate student’s thesis or
dissertation work. On my view, this model has the possibility for exceedingly robust
and durable partnerships, ones that would only become richer and deeper over time.
Once the institutional relationships are in place, it becomes much simpler to piggyback
new projects onto existing or previous ones; this is, of course, most likely to occur when
the top levels of professoriat and deanship at the university, and of management and
directorship at the museum, are committed to the process and vested in providing
requisite institutional support, guidance, and resources.
2

If this is to occur at the field-wide scale at which I believe it should," a number
of modest but nonetheless substantive institutional shifts need to be implemented.
Above and beyond the patent need for initial trainings, ideally staff-wide, in the basic
utility and use of the action research methodology, a documentation-of-process
sensibility needs to be supported. This converges neatly with AR protocols, in precisely
the way Reggio Emilia professionals make extensive ongoing records, in video- and
photographic modes, audio recordings, and extensive transcripts into print from those,
of children’s work and corresponding commentary (cf. Edwards, Gandini, & Forman,
1993). Such ongoing records not only encode utility for future projects and for grant
applications, evidentiary documentation of project histories to support evaluations and
verification of contractual obligations, and cues for subsequent staffers; their creation as
a standard protocol sets in motion the evolving of the institutional mind-set of reflective
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practice, of recognizing that such ongoing, automatic self- and project-assessment
becomes a mission-strengthening strategy. Such a sensibility deeply augments existing
praxis: CMs already are highly adaptive, opportunistic, and context-sensitive. This
additional layer of efficiency and effectiveness can take this can-do approach to a
higher order of excellence, from “Just do it” to “Do it, then revisit it, review it, reflect
on it, revitalize it, and reinterpret it.” Far from mere redundancy or perseveration, this
approach to practice provides and provokes felicitous clarification and consolidation of
both professional and personal understanding and thus action: continuous assessment
has high methodological utility.
An extension of this recommendation is the integrated search for primary
funders. In just the same way that the MetLife Foundation supports ACM Promising
Practices, the field would be well served through securing a partnering foundation,
research institute, or comparable entity to provide operating support, at least for the first
few years of this new initiative’s trajectory. Also, bringing action research proponents
to the table would be an appropriate way to enhance the depth and breadth of the
conversation. Professors who teach this research method, reflective practitioners who
practice it, and representatives of organizations that have been positively impacted by
AR practice would all be valuable informants. IMLS publications encode considerable
support for research at scales analogous to these which I suggest here.
Priority research and evaluation questions focus on the ways in which learning
environments (“formal” and “informal”) support effective learning. This scope
of inquiry requires continued research into the complexities of learning itself, as
well as an understanding of learning in different settings and within and among
different social groups. What best prepares students, ages five to eighteen, to
participate fully in society and in the workforce? How do they become effective
lifelong learners? How can museums ... best support and complement
schooling to achieve these goals? ... Finally, how can research results move
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effectively into practice? (Institute of Museum and Library Services, 2005, p.
11)
A comparably broad effort, with similar ecological groundings, is discussed in
The experience of place. Learning environments such as these proposed by Hiss could
be implemented through museums-schools partnerships in communities nationwide.
In England, a three-year-old national research program—the Learning Through
Landscapes Project—is under way to investigate how schools can restructure a
number of paved and windswept schoolyards to give them a country look and so
provide “a complete environment for learning.” The idea is that “the landscape
in which the school stands .. . can provide a rich and stimulating resource and
setting ... for learning and teaching.” (Hiss, 1990, p. 181)
I will provide a supplementary list of potentially fruitful areas of future research
in a bulleted format:
•

Investigate implications of Junior Volunteers as part of the exhibits team.

•

ACM, NEMA etc. web site sections detailing existing and planned exhibits
across a wide spectrum of topic domains: basically, this dissertation, enormously
elaborated.

•

Addressing children’s miscues, misconceptions, and naive assumptions in
children’s museum exhibit contexts.

•

A narrative approach to examining young children’s learning in children’s
museums.

•

Is action-at-a-distance any different in effectiveness as a provocative,
conceptually scaffolding device than are literally hand-on opportunities, and if
so, what are the mediating factors? (Cf. Creative Discovery Museum,
Chattanooga, TN and Pittsburgh Children’s Museum, Pittsburgh PA sections,
Chapter 3).
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•

Does multiply-connected action potential in a hands-on exhibit (e.g.,
Amazement Square’s locks, operated by a sequence of levers, connecting rods,
hinges and the like) make the resultant action more opaque, less the result of the
child’s work and more the result of mysterious “mechanical gods,” as it were (if
Piaget’s point [mentioned in Constructivism elaborated section, Chapter 2] is
correct as to children’s only gradual development of the capacities of symbolic
logic necessary to parse such systemic operationalism, the causal vectors may be
entirely inaccessible to them).

•

Investigation of ways to make distal referents more conceptually accessible (cf.
Boston Children’s Museum section, Chapter 3).

•

Investigation as to which types of exhibit detail have greater didactic effect,
abstract or realistic (cf. COSI Columbus section, Chapter 3).

•

Moderating and modulating effects of highly interactive CM environments on
children in families experiencing interactional discord.
3

•

In what ways do CMs situationally provoke fast mapping?

CMH-pertinent (^TCE-linked)
Overall, I have been sketching a relatively general level of analysis as to
appropriate directions for subsequent research; I will now narrow the frame to focus on
the Children’s Museum at Holyoke in particular. This section points to the opportunity
for a demonstrably affirmative response to Weil’s categorical question noted earlier
about museum imperatives, namely “ . .. whether it ‘effectively evaluates its programs
and exhibitions’ in terms of their audience impact” (Weil, 2002, p. 33; citations
deleted). All such ongoing incursions into additional loops of action research naturally
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require further institutional policy decisions in order to be implemented. The parsing
underlying this initial formulation of metaquestions derives principally from Gopnik &
Meltzoff, 1997 and Gopnik, Meltzoff, & Kuhl, 1999.
a.

What do children start with? (E.g., what do they bring to the exhibit context?)

b.

What do they learn by themselves here? (E.g., what comprehensions are
environmentally suggested, contextually cued, affordances-generated?)

c.

What do others, whether adults or more knowledgeable children, help them
learn? More specifically, what pieces of the exhibit tend to suggest particular
topical domains that lend themselves to mindful action upon context-driven
forms? How are the caregiving adults or older children cued by exhibit
elements to point out to the target children relevant actions, enterprises, or
opportunities that will scaffold their extant, immediately- or at least rapidlydevelopable understandings?
I think it would be most relevant eventually to be able to say with a reasonable

degree of certainty that children working with attribute ‘A’ of the exhibit will learn, at
minimum, ‘a’. A reasonable model of this protocol is the array of Montessori teaching
objects (cf. Brosterman, 1997, esp. p. 51; Vitra Design Museum, 1997, esp. pp. 174191). For instance, the seriation set ‘X’ logically can be predicted to engender
comprehension outcomes ‘x’ (x : smaller to larger; x2: shorter to taller; x3: lighter to
heavier; etc.). Froebel’s gifts are likewise designed to provoke particular, objectderived, kinesthesia-informed insights in their users (Brosterman, 1997). Thus, the
water table might trigger such categories of inquiry-enriched understanding as ‘A’:
12

3

properties of water, leading to outcomes of understanding ‘a’ (a : solid; a : liquid; a :
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gas); ‘B’: affordances of stream boundaries (characteristics of channel), leading to
outcomes of understanding ‘b’ (b : narrower to wider; b : shallower to deeper; b3: slight
to steep [angle of stream bottom]); and so on.
The next dimension of outcomes to be considered might logically be categorical
intersections of these observations, the interaccommodations of multiple variables:
slower to faster (commensurate rates of flow) varying in relation to the width of the
channel, compounded if that spectrum of change is meshed with the correlative
spectrum of change of angle at which the water is flowing. A comparable intersecting of
variables might be increasing weight of cargo (in pennies or unifix cubes, for instance) in
a toy boat impacting its rate of speed as it floats down increasingly steep channels; if
these channels simultaneously vary in width, the intersecting of variables becomes
algorithmically more complex, thus dynamic.
Overarching research protocols investigating such learning may, for instance,
productively be framed in a K—W—L format:
a.

What do four-year-olds generally understand (K: know) about water already?

b. What do we expect (W: want) them to learn while there? (In specific terms, e.g.,
in the narrow canal section, if they do “X,” they will likely learn “x”).
c. What are the identifiable points of ZPD transparency, that is, what will they be
likely to comprehend (L: learn) after a more knowledgeable person (e.g., trained
staff member) interacts with them there?
It is necessary to establish subsequent research protocols which seek to answer
the sorts of questions articulated throughout this document, e.g., do experiences in
A TCE provoke follow-up activities in the classroom or at home? Do exhibit
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opportunities result in enhanced topical understanding? Is the exhibit fully and equally
accessible to all potential users, across all social, cultural, and ethnicity domains? (Cf.
Assessment details section, Chapter 4). I suggest further that there exists,
consequently, a correlative important need for the development and carrying out of a
range of in-house evaluations (member surveys, school group surveys, teacher feedback
forms, et al) to help to answer exactly these sorts of questions. In Making museums
matter, the author delimits the conceptual foundation for this perspective as follows:
“Summative evaluation”—the process of measuring a program’s results by
its stated goals and objectives—requires something more forthcoming,
something that museums have been slow to furnish. It requires an ability to
articulate just what result the public program is intended to accomplish. Vague
claims of “educational” intent are simply not enough. This is an area in which
museum people need to drill themselves with tougher questions: Why is this
exhibition (or other program) being presented? What precisely is the result
being sought? How is a visitor intended to be affected by participating in the
program? By learning something? Feeling something? Being sensitized to
something? Made more curious about something? Motivated to take action
about something? Entertained or given pleasure? The answers sought need not
be quantitative, but they do need to be susceptible to survey research and they
need to be discussable. Ambiguity in programmatic purpose is in many ways
parallel to ambiguity in institutional purpose. It undermines accountability. If
there are no expected outcomes, failure becomes impossible. So does any kind
of real evaluation. (Weil, 2002, p. 18)
This commentary supports the point that the evolution and refinement of the
final AR loop is mostly in the hands of CMH staff: they need to consider, design, and
administer feedback instruments which allow children , parents and other caregivers,
and teachers and relevant administrators to reflect on and respond to the ways in which
the exhibit improves children’s learning, parents’ scaffolding of that learning, and
teachers’ classroom practice. Once again, inviting researchers from the excellent
graduate education programs in the region to participate in these ongoing assessment
and recalibration protocols is a most appropriate approach, both in terms of quality of
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results and of affordability of the research. Another highly useful, albeit exceedingly
labor-intensive, method for exhibit evaluation is to videotape the system in use and then
microanalyze the tapes (cf. Crowley, Callanan, Tenenbaum, & Allen, 2001 for a
relevant discussion of this protocol). Such close review points up the impact of the
given environment upon the learner—viz.,
Observational analysis permits close inspection of behavioral changes to
determine if any learning has occurred and has led to a reorganization of
behavior relative to what was originally seen. . . . These techniques may provide
evidence of how interactions between a child and ... the physical environment
influence a change in behavior. (Hetherington, Parke, Gauvain, & Otis, p. 38)
These specific outcome measurements should report the kinds of differences
ATCE makes in the learning efforts of its users. They should also serve to point up any

areas in which improvement is called for, especially in terms of programs which are
directly connected to and dependent upon the exhibit for content and theme. A specific
example of such targeted assessment rubrics is a follow-up series of questionnaires and
interviews, both semi-structured and open-ended, which afford Holyoke public school
teachers the opportunity to reflect upon, process, and evaluate the impact their
participation in the Connecticut in the Classroom Initiative has had on their classroom
practice. This feedback could be particularly useful when obtained from long-term
Connecticut in the Classroom partnering teachers who have used both the previous
Body of Water exhibit and the new ATCE exhibit, to ascertain the extent to which the

new, topically-specific exhibit better serves their pedagogical and experiential goals.
For instance, it is important to determine whether the availability of the new
exhibit and supporting Connecticut in the Classroom presentations, pre- and post-visit
activities, and ongoing professional development workshops intended to maximize
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teacher comfort with and confidence in the utility of their partnership with CMH has
impacted their day-to-day practice: have they begun to use the Connecticut River
watershed as a more comprehensive theme in their classes? Do they do more, and more
elaborated, projects using the exhibit as a point of departure than they did when only the
original, non-specific Body of Water was available? Have they begun to expand the
river theme across more curricular domains? Have they instituted hands-on waterbased activities with colleagues in multiple classrooms, or perhaps even school-wide?
Have they made inroads into doing multi-school or District-wide invention conventions
that are linked to the theme of canals, waterpower, alternative energy, or the like?
I strongly recommend that the Project Director or other CMH professional staff
apply for ongoing grant support to formalize such outcome-based assessment protocols.
Additionally, securing funds to bring in an outside evaluator to do a comprehensive
assessment of the project’s impact would be most beneficial to the institution, both as a
way to enhance ongoing museum practices in relation to the exhibit and as standpoint
from which to apply for subsequent funding: foundations, state, and federal grant
providers are very alert to such efforts on the part of applicants, since they indicate a
critical attribute of worthy recipients, namely the recognition of the profound value of
long-term, in-depth summative evaluation as a very cost-effective way of maximizing
project potential. Not surprisingly, there exists considerable evidence in the research
literature to support the multidimensional value of such research enterprises:
Structured interviews conducted in schools could yield insights about common
experiences (e.g., exhibits at a museum) that can be used to facilitate
discussions, interpret phenomena, and frame classroom activities. Information
from interviews also could serve to highlight the range of motivations and
competencies among students, and help teachers identify areas in which student
“experts” could make special contributions to classroom learning. Finally,
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teachers may discover, on the basis of interviews, the likelihood of having
influential allies at home who can reinforce process-oriented learning at school.
What is required for advances in both research and instruction are research tools,
similar to the ones we have developed, that will help researchers and teachers to
understand the full range of children’s science-related activities and to construct
theories and instructional practices that incorporate this knowledge. (Korpan,
Bisanz, Bisanz, Boehme, & Lynch, 1997, p. 660)
In particular, research efforts may productively be located at the intersection
between the exhibit per se and the facilitated school group visits conducted under the
auspices of the ongoing Connecticut in the Classroom Initiative.
Features of successful group use of museum visits have been reported in the
literature. These include: planning for learning during the visit; consideration of
the unique learning opportunities of the institution rather than mirroring schooltype behaviors; variation in the activities during the visit; sparing and/or careful
use of worksheets; and emphasis on first-hand experience and observation. A
number of studies over a wide spread of time have shown that students who
have done work on a topic at school before visiting a museum, and who have
prepared for their visit, learn most from their experience . . . Very little research
has addressed the role of the class teacher in facilitating learning during schoolmuseum excursions. (Griffin & Symington, 1997, p. 764)
As I’ve stated throughout this document, children’s museums enhance agency,
competency, adequacy, and efficacy. Answers to creatively structured questions as to
how, then, ATCE does that, specifically, are of potentially great utility. As I did above
for field-wide research factors, I will conclude this section of research issues directed
particularly toward the Children’s Museum at Holyoke in bulleted format.
•

How is CMH staff formulating signage questions? Is this a place for member
families, community input? How are they formulating connected programs
(e.g., Grade 3 curriculum cart)? Related: any pre-/post-visit activities planned
for school group visits (how about via HCC or Smith [etc.] ECE students?)
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•

How about having my HCC CSL students interview school groups, teachers,
parents, etc. re feedback on the exhibit, connected programs, ideas for exhibit
graphics, etc. (&/or, art department? media technology?)

•

Investigations into transfer of learning that took place in this exhibit to other
contexts, both classroom-based and within informal circumstances.

•

Apt related domain for investigation: what do the children think about it all? In
other words, elicit “ . . . suggestions made by students during follow-up
interviews in response to the question: If you were helping to organize an
excursion, what would you do?” (Griffin & Symington, 1997, p. 774). This also
connects closely to the suggestion derived from Fosnot (2005c, p. 271) that we
learn to “ . . . ask, ‘What are the big ideas the child is grappling with?’”

•

What do adults get out of this exhibit, in terms of expanded personal
understanding and insight as well as in the supporting of their caregiver role?

•

In what ways does the exhibit succeed in making meaning and making sense?

•

How does the exhibit scaffold and support incipient prosocial behavior?

•

How do children and adults use the information they gleaned from their time in
the exhibit in making efforts towards attaining a more comprehensive ecological
identity? How has it helped them understand the local area, the canals, the
regional ecosystem, the overall watershed?
Recommendations for CMHIATCE: appropriate exhibit elaborations

All the following recommendations extend concepts previously discussed,
particularly in the final phase of the planning as orchestrated by Wondercabinet®
designer Mayer. They are intended to be self-contained; that is, each element can stand

638

as an autonomous elaboration of the extant system, not dependent on any or all of the
remaining proposals in order to be pedagogically valuable, viable, and vital. Of course,
in aggregate they would provide a particularly integrated and coherent extension of the
work completed to this point. Also, they have been conceptualized as being fully
compatible with complex programming such as that specified at length in the Museum
Institute for Teaching Science section of Chapter 2, functionally effective at scaffolding
learning across the curriculum, in guiding children’s inquiries in domains of music, art,
architecture, the social sciences, and literature as well as in science and technology.
Based on considerable discussion and schematicizing by the planning team and
the designer, the manifold wall, the invention station, the mill, and the fountain emerged
as four core items to be introduced into ATCE. The budget for the project was not,
unfortunately, sufficient to afford their incorporation in the existing exhibit. Still, these
four components constitute a most appropriate constellation of next-phase inclusion. I
envision them as so integrally related in character and pedagogical function that they
are best treated as a set, both in formalizing their final design, plumbing, and spatial
layouts and in planning effectively and efficiently for their installation within the
available spaces contiguous with the current exhibit. The principal factors connecting
their respective structural and functional organization and appearance are their inclusion
of multiple inlets and outlets (of a great variety of forms and sizes) for water, their
relatively mechanistic attributes, and their inclusion of sundry points at which visitors
may act upon and in relation to water streams, jets, channels, pools, and the like.
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Manifold wall

As envisioned, this systemic component will, in future, incorporate many of the
action-centered structures for which my various visits provided exemplars: pulley units,
crank-operated devices, constructivist plumbing and other versions of child-variable
tubing and valving combinations, fountain components, and the like. This has been
projected to be a densely-filled hydro-mechanical zone, tall and wide but thin in section
(thus not requiring a great deal of floor space—perhaps two feet on either side of the
central load-bearing, plumbing- and mechanicals-supporting wall). This is an ideal
context in which to incorporate an array of devices to move water from one level to
another; isolating this sort of device was readily triangulated based on findings from my
field research (Archimedean screws at Carnegie and Indianapolis, vessel-equipped
conveyor belts at Chattanooga and Cinergy, rope-and-pulley bucket-moving setups at
Chattanooga, Cinergy, and Indianapolis). It is logical to integrate sundry such
mechanisms in one zone, so that comparisons are readily made (e.g., different form,
equivalent function; different function, equivalent form). This array of equipment is
intended to provide multiple pathways to affordances-comprehension. It also provides
apt points of departure for workshops devoted to investigating specific aesthetic or
engineering interfaces with water (e.g., devising alternate fish elevator and fish lift
configurations [cf. Sense of place section, Chapter 2]). This example also suggests the
direct relationships between the manifold wall and the invention station; many more
such curricular linkages may be readily devised.
The rich panoply of waterwheels seen at the various other museums can also be
more fully revisited here, as a way of extending the didactic potency of ATCE’s mill
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race units operating between the parallel canal maquettes. For instance, comparisons
may be made apparent between speeds obtained (and thus resultant power generated) by
different configurations of wheels. Using the H2O COMPANY device of a split wheel as
the point of departure, we may take that concept to a more complex level and run
multiple wheels on the same axle. If each wheel manifests a different iteration of
variable (number, angle, or shape of vanes, for instance) but intersects a stream of equal
pressure, the resulting range of efficiency outcomes becomes readily apparent visually.
In effect, the manifold wall as envisioned is to be a tall, wide water-management
divider, made up of densely-arrayed pipes, tubes, shunts, sprays, and pumps, some
transparent or translucent, so that the entire structure will present as a glittering
sculptural unitary plinth celebrating the multi-modal attributes of water in motion as
well as an intricate composite apparatus to scaffold learning about hydrology. The
configuration can incorporate many of the complex spatial design attributes limned by
the adolescent welding apprentices whose prototypes were discussed in Chapter 3.
Invention station

“Piaget said that to understand is to invent.’.’ Seymour Papert5

The team projected the invention station as a small zone, no more than 100
square feet in area, in which children could investigate selected aspects of water-driven
science. Effectively a diminutive water laboratory centered around a set of sink-based
worktables, the station should be equipped with myriad manipulates that may be used
in open-ended, physics-inflected play. This station, in particular, provides standpoints
for children to engage in constructivism, in both thought and action; the construct is
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rendering at least one water feature of the overall exhibit as a quiet haven rather than as
a dynamic, interactively evocative, technologically-inflected space. Our operative
phrase to suggest this was reflecting pool, in that its word play evokes both the visual
and the conceptual perspectives we wished to connote. While, at least within the
currently available space for these additive elements, this pool can be but modest in
scale (again, 50 to 100 square feet), there exist many models in the literature for
effective and evocative versions of such meditation pools (cf., e.g., Campbell, 1982).
Our second suggestion, equally compelling but diametrically opposed in nature,
is the incorporation of a child-powered fountain area. This might be effectuated by
having children spin cranks, push levers, or use other forms of power transfer to create
visibly causal water effects. Most expeditiously, children could ride stationary bicycles
or operate treadmills that are linked to pumping units; even a rudimentary overhead
sprinkler or rainmaker, models for which I found at Lynchburg and Indianapolis, might
be operable by such mechanisms. As always, universal design principles need to be
emphasized in configuring these devices: the system must be readily accessible,
especially for those visitors with motoric challenges. My notes include extensive
anecdotal evidence of the engaging power that child-variable spraying, spouting,
squirting or otherwise pressurized water possesses to delight and provoke children; our
operative assumption was that such engagement would only be enhanced if children
were powering the outcomes as well as channeling them. Additional dimensions of
potential engagement involve planful orchestration of patterns of timing and visual
readout of the resultant spumes.
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Atrium spatial envelope features
Most of the exhibit space currently allocated for ATCE expansion, while limited
in square footage, had great height potential, being sited in a multi-story atrium. In
addition to being an ideal zone to house the manifold wall (definitively) and the
fountain (possibly), the utility afforded by the thirty-foot high space makes it a logical
realm in which to build other tall apparatus, which may even be made multi-tiered by
means of appropriate access ramping. There are many field-sourced models for
inspiration and comparison in making the most of such three-dimensional space
opportunities, including under-floor components, narrow vertical configurations, and
overhead networks (Figures 230, 231, and 232; all these examples are from the
Pittsburgh Children’s Museum). While these are only conceptual triggers rather than
specific water-exhibit instantiations, they are effective in provoking the appropriate
spatial activation for the design process. Another elaborate feature I suggest which
would make spectacular use of this vertical space is a water clock (Figure 233; example
from the Children’s Museum of Indianapolis). This intricate component, while visually
riveting and pedagogically engaging, is also complex, technically demanding in
fabrication, and entirely custom crafted, and would thus require a major targeted fund¬
raising endeavor in order to be realized.

Outdoor water features
This envisioning, of outdoor water exhibitry extending ATCE both physically
and conceptually outside the museum envelope, has a number of significant models;
Houston and Ottawa, for instance, have expansive and elaborate versions of outdoor
stream tables. To effectuate this vision would be, admittedly, a major undertaking, far
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Figure 230. Floor-inset display modules, Pittsburgh Children’s Museum

Figure 231. Pittsburgh’s narrow, vertical climbing structure
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Figure 232. Overhead elements at Pittsburgh Children’s Museum

Figure 233. Indianapolis CM water clock
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more complicated than what has been done to this point. This is due in no small part to
the fact that the Holyoke Heritage State Park in which the museum is embedded is an
entity under the aegis of the State of Massachusetts. Simply obtaining requisite
permissions and permittings to proceed is a labyrinthine undertaking. Still, the potential
inhering to such a visionary and creative outcome would make the effort most
worthwhile. An integrated concept that would enrich the solution would be the
inclusion of a science playground based on water physics; again, a number of elegant,
and elegantly parallel, models exist. Versions at the New York Hall of Science in
Flushing Meadows, Queens and at the Montshire Discovery Center in Norwich VT are
fine examples, encoding mathetically powerful hands-on, minds-on topical linkages.
Also, I designed a 34’ long bronze maquette of the Connecticut River watershed
crafted as a topological stream table; at that length, the 410-mile-long watershed is
rendered at the conceptually intelligible scale of 1” to 1 ’. This concept was discussed
both with the planning team and with a group of educators convened by WGBY-TV’s
CREI staff, and received high praise from them all as a potentially potent pedagogical
device. I believe CMH professionals would do well to revisit that concept as funds
become available.
Finally, the visualization that Project Director Silver and I discussed of an
adjoining sculpture garden displaying a gradually-expanding collection of water
sculptures to be fabricated by local, regional, and national artists holds significant
applicability for this expansive yet nonetheless practicable set of future projections.
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Figure 234. Expansive regional pond

Figure 235. Diminutive regional pond
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Figure 236. Regional stream
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Figure 237. Lake-themed children’s art, Chicago Children’s Museum
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Additional exhibitrv suggestions
Computer-based touchscreen-activated digital video and photo kiosks

•

A photo series of lovely local and regional streams, ponds, lakes and related
watershed-evocative habitats, along with children’s art based on this thematic
topic (Figures 234-237).

•

Flora and fauna of the Connecticut River watershed compared and contrasted to
those found in the watersheds of other rivers both nearby and distant (Charles,
Missouri, Snake, Amazon, Nile).

•

A thematically related topic that provides both biological science and aesthetic
subject matter is that of food chains (more succinctly, what eats what?)

•

Pairings (especially effective as a split-screen arrangement) of comparisons and
contrasts:
o

Archimedes’ screw lifting water-augur boring fishing hole in ice

o

Rushing stream--gush from fire hose

o

Whirlpool-bathtub drain swirling

•

Kiosk with the theme of various types of water-centered adaptive equipment.

•

Kiosk that does interpretation for deaf visitors; such an interactive could be
elaborated to serve as an assistive technology board for other differently-abled
children, or those with atypical learning styles or favored modalities.

•

Flistorical theatre snippets: Junior Volunteers act out vignettes, which are
digitally videorecorded and uploaded into the kiosk image bank. For instance,
they might portray members of the various ethnic groups who worked on
different portions of the canals, dam building projects, and other construction
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efforts in Holyoke, as well as all along the Connecticut River throughout the
watershed. At its most elaborated, perhaps the kiosk index would be rendered as
a map of the watershed, with each region (town? county?) along the river’s
course formatted as a button that can be highlighted and selected. Pushing any
of these selections would then bring up a brief reenactment video, augmented
with a photographic archive if available, of one or more important historic
events that occurred in that area.
My intent is that this system would eventually be web-linked, so that visitors
could (with appropriate staff oversight) add their own relevant imagery to the database.
Such an additive imagery bank might then be linked to the website of WGBY-TV’s
Connecticut River Education Institute (CREI), a CMH institutional partner; alternately,
or additionally, the elaboration may be done in tandem with the Holyoke Public
Schools, suggesting an appropriate subsequent multi-institutional funding search.
Additional hands-on exhibit details
A stand-alone component of rope-and-pulley arrangements to let children move
buckets of water could be elaborated into an even more learning-rich solution than is
normative. Complex configurations exist in various models assessed through my field
research, as noted in considerations of triangulations of findings (cf. AR-inflected
incorporation of fieldwork into project development section, Chapter 3). However, by
integrating this type of interactive configuration with the more standard type of rigging
exhibits which can be seen in many children’s museums as well as in science and
discovery centers, the resultant learning may be enhanced. Making available an array
affording comparison between one-, two-, and three-pulley block configurations would
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make the contrast between their relative ease of operation at moving equivalent volumes
of water demonstrably clear. This synthesis of mechanistic types would provide a
particularly parsimonious working example of systemically constrained variables.
In addition to these big-picture recommendations, I would suggest an array of
more modest or encapsulate extensions and elaborations. For instance, a set of small,
safety-wired windows might be inserted into the pair of steel emergency exit doors
fronting a portion of the exhibit to provoke additional visual investigation of the canal
located mere feet away from the museum building. These could be arranged
whimsically, using different sizes, shapes, and placement, from low (at toddlers’ eye
level) through high (at adult sightline heights). A nearby drinking fountain could be
equipped with a (rheostatic flash-timing-variable) strobe light (the high-speed flashing
g

makes the water stream appear frozen in droplets).
A diminutive hands-on canal dredging activity, at tabletop model scale, would
offer a motoric experience that, while conceptually connected to the exhibit theme, is
not water-focused in its referential actions; rather, this is a construction-play
opportunity, involving action-at-a-distance and the material-moving behavior so
appreciated by young children.

9

A final elegant concept for a small, whimsical addition

was provided by my colleague Theresa Kamecki, who envisioned a child-activated
jumping area: active play triggers sensors in floor panels, which in turn activate an array
of adjacent bubblers, perhaps responsive in output to the amount of physical effort
expended.10
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Signage and graphics
As has so often been the case throughout this project and dissertation, Falk &
Dierking (1992, p. 78) provide appropriate guidelines for considering this important
area. Their comments scaffold Holt’s point (cf. Children’s museums section, Chapter
1) regarding the need to privilege the concrete before the abstract in supporting
children’s thinking.
Nevertheless, museum exhibits are often designed to convey abstract notions;
label copy often contains the minutiae of a topic, rather than big ideas. This is
an admirable goal, but, at the same time, exhibits and labels would be more
effective if they conveyed concrete information before introducing the visitor to
an abstract idea. It is also critical. .. that all messages be explicitly stated.
•

Provide examples of questions that are conceptually provocative regarding
relevant themes: ‘Why does the water always flow from there to here and not
from here to there (in a specified part of the exhibit)?’ ‘Why does the little boat
float along more slowly in the wider channel than it does in the narrower
channel?’ (Then, by extension), ‘How could you change that rate of speed?’
(e.g., by narrowing the wider channel, for instance with available small
beanbags or some form of easily-interlinked modules).

•

Things to teach parents and caregivers to look for, either in the exhibit per se or
in their child’s interactions with the exhibit, such as potential affordances (first
explain the concept, then provide succinct examples).

•

An even more open-ended signage approach would be to post salient definitions
of water-related words, in English and Spanish (e.g., “hy*drol*o*gy n the area of
science dealing with the properties, distribution, use, and circulation of the water
of the earth and the atmosphere.”)
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•

Decorative mural bands and bas relief details depicting water iconography and
symbolism, and mythology, through time and across cultures; this may be
extended to include as many mythic water creatures as can be found through
research. The topic lends itself to another developing-across-time sort of
project, and one which lends itself to museum outreach efforts, viz., art projects
about the theme coordinated in school districts across the region (or, with even
more elaborated and effective ripple effects, across the watershed, involving
schools from Vermont and Connecticut as well as Massachusetts).

•

Incorporate some text panels to add informational clips about specific portions
of mural iconography, like those at Lynchburg on the stream table skirting.

•

Integrate a map to support immediacy and clarity of reference between the
exhibit and the actual system of Holyoke canals. The planning team discussed
full-scale, on-floor graphics for this element (cf. Figure 238, photographed at
Kohl Children’s Museum, Duquette, IL); such a solution also lends itself to
horizontal elaborations of existing mural work (cf. Figure 239, photographed at
Chicago Children’s Museum).

•

Word-association panels, i.e., aqualung/aquifer/aqueduct/aquatic plant; perhaps
with ancillary text-based or graphical-symbol-based explanation or explication.

•

Additional Connecticut River watershed imagery (photomurals from macroscale
(satellite images) to microscale (single-cell organisms living in the river). Stopaction photographs of water in motion can also be compelling and salient.

Finally, I would certainly encourage CMH professional staff to continue the exhibit
planning, design, development and construction processes while maintaining

655

Figure 238. Kohl Children’s Museum large-scale floor map

Figure 239. Children’s pastel graphics
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their ongoing strong focus on incorporating JVs as integral partners in the process. The
results of this inclusion have been exceedingly positive to this point, for the youth no
less than for the museum. As noted above (CMH-pertinent [^TCE-linked] section) this
model has proved to be most appropriate for field-wide research investigation and
operational elaboration.
Concluding arguments
In closing, I would argue, first, that grounding the ATCE project in action
research provided a powerful, indispensable procedural vector to the enterprise; that is,
AR protocols supplied lucid parameters and logical framing mechanisms for our
processes from start to finish. “I think we ultimately have to judge the validity of our
identification of a causal process by considering all of our evidence together” (Weiss,
1994, p. 181). Action research methodology afforded just such evidentiary
consideration; it endowed the totality of our collective process, and progress, with
pragmatically grounded structure, yet afforded the capturing of requisite supporting
theory as well. While the method is exhaustive and multifaceted in application, it
encodes exceptional parsimony in the way it focuses reflective practitioners’ energy,
attention, and expertise by means of its core integrated constructs of planning, acting,
observing, and reflecting. Its use, consequently, anchored each element of our
individual and collective efforts. Likewise, that use enabled us to consider values,
vision, goals, actions, and outcomes throughout the research process, which in turn
provided us with a powerful integrated heuristic and, concomitantly, a resultant mindset
creatively geared to generating world-class results.
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I would argue, second, that continuous assessment has high utility in such a
developmental enterprise. Such efficacious results as ours are due in no small measure
to the spiraling structure of the approach; that is, it is so organized as to revisit topical
areas at progressively higher orders of interpretation and evaluation. That structural
characteristic of action research ensured our intensive focus upon consistent and
coherent recursive reviews of progress. It also organically encouraged reiterative
revisionings, the evaluation of each new set of insights against previous held ones.
I would argue, third, that the integration of an academic research agenda into an
exhibit development program results in a logical, potential-fraught synchrony.
Reciprocally positive outcomes may readily be anticipated, with the scholarly interests
providing necessary theoretical rationale and the pragmatic concerns grounding the
conceptual trajectory in an appropriately operational, testable array of
interaccommodative quotidian considerations.
I would argue, next, that the children’s museum environment per se (e.g., the
scaffolding environs) is the primary didactic engine for learning in such contexts as this
dissertation explicated. Such a perspective does not imply that competent and inspired
facilitators cannot help children to make dramatic incursions into pedagogically critical
realms. Rather, it simply suggests that, absent such input, the prepared environment of
the museum exhibitry encodes necessary and sufficient richness for substantive,
engaged, non-trivial learning to take place.
I would argue, too, that learning in these engaging settings is not only an
anticipatable outcome in its own right, but one which, by virtue of the creative and
engaging quality of the didactic setting, is likely to be retained and even generalized to
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other circumstances and settings. “A preliminary definition of meaningful learning . . .
refers to storage of items that have so many connections, and are of such quality, that
they can be accessed appropriately in unexpected contexts” (Caine & Caine, 1991, p.
43). Exhibits resultant from AR-informed planning encode just such rich linkages,
gestaltian learning framed and supported by exhibit goals predicated on meaning¬
making. The didactic methodology, informed both by science and by art, results in an
exhibit creation redolent with multivalent capacities to support robust learning.
I would argue, further, that “There’s a special laugh a child has when they learn
something . . . .” (via personal notes from Environments for the very young in museums
conference, 8 November 1997). By this I mean to suggest that the delight in learning
which is manifest in all non-developmentally-delayed children should be recognized,
privileged, and engendered in any and all ways imaginable. States of mind, in other
words, are as important to support in our pedagogical efforts as exhibits creators as are
frames of mind. Correctively, I would argue that this project and this dissertation
jointly have provided a template which may serve to guide other reflective practitioners
in supporting such delight-inflected learning in future development of place based,
environmentally-considered, and water-themed exhibits.
I would argue, moreover, that wonder is not restricted to the ineffable (‘gazing
with wonder’); it can as easily, and perhaps more usefully, be identified with far less
transcendent—and far more specifically referential—musings (‘hmmm, I wonder . . . ‘).
Pragmatic dealings may subsume and even extend elevated constructs.
I would argue, furthermore, that my research has shown with a high order of
dependability that a didactic focus upon—indeed a reliance upon—regional or local
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solutions can provide marvelously divergent and distinct—all equally appropriate—
answers to highly similar and even effectively identical problems. The overall range of
exemplar exhibits themselves provides perhaps the most compelling verification of that
point. Subtexts, however, are more easily established: something as elementary as the
multiplicity of ways in which a set of locks can be configured so as to be transparent in
function makes a clear case (viz., thoughtful comparisons of the versions found in
RiverPlay, H20 company, and Playscape). Such subtexts also highlight the range of
significant triangulation examples isolated during the course of my fieldwork (ARinflected incorporation of fieldwork into project development section, Chapter 3).
At the same time, however, I do not wish to suggest either that this sort of
nuanced outcome is an inevitable result of such experiences or that the providing of
appropriately engaging, provocative material is the necessary and sufficient trigger to
engender the entirely unguided construction by the child of the appropriate underlying
principles of physics, mechanics or the like upon which a trained professional would
rely. While both my reflective practice and my investigation of existing research have
convinced me of the deep learning that such methods can bring about (in some children,
in some contexts, on some occasions), I do not mean to suggest that this generalizes to
assumptions of the method working equally efficaciously for all children in all contexts
on all occasions. Likewise, I don’t anticipate outcomes such as the child’s intuitively
making the connection, say, to the principle of parsimony, the principle of common
fate, or the laws of conservation of matter or energy.
I would argue still further that in order to render multiple paths of entree for
visitors of the widest possible spectrum of developmental levels, it is necessary
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(although not sufficient) to construct pathways of increasing complexity, which users
may then self-select, guided by the particular individual constellation of interests,
intentionalities, and competencies or capabilities driving them.
I would argue, additionally and finally, that we as students of museum-centered
learning processes need to continue to spotlight a Piagetian emphasis on making
probable the realization of flexible means to achieve particular objectives in working
with any given piece of exhibitry. This perspective parallels the mandate to provide
multiple opportunities for self-directed tinkering, or what Papert (1980, 1993) terms
bricolage. Such an underlying sensibility may be the ineffable yet crucial quality of
good inquiry-centered environments.
Significance of the study
This study provides substantive, non-trivial contributions to current theory and
practice in the children’s museum field in a number of ways. First, in the preliminary
phase of synthesizing current promising practices of water-based exhibitry, it sets forth
a needed compendium of previously isolated models of extant best practice. Second, it
provides an encapsulate model of extensive, structured use of multiple community
stakeholders representing a broad spectrum of ages, ethnicities, and developmental
levels in a carefully orchestrated planning process. Third, it provides deep insight into
ways to structure protocols for closely integrating exhibit creation with ongoing
museum-school partnerships. Fourth, it provides a comprehensive document for
practitioners, whether children’s museum education staff or educators more broadly
defined, to use as a guide in crafting water-centered curriculum; this is, to my mind,
equally true across a range of possible domains of focus, whether science, art, the social
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sciences, or the humanities, as well as across age ranges of focus, from preschool
through graduate school. Finally, it is an exemplar of the utility of Action Research as a
methodology by which to both guide and report on the exhibit development process in
the context of a children’s museum.
Action research provides a powerful and robust methodology by which to create
a major pedagogical exhibit in a children’s museum. AR protocols can support each
stage of that complex and iterative process, from planning to data accumulation, from
stakeholder involvement to focus group facilitation, from development and design
phases to selection and hiring of fabricators and contractors, and on through the final
creation of the exhibit. Action research also maps onto the now-standard museum
project development assessment rubric of front-end, formative, remediation, and
summative evaluations. In all this, the method is fully integral with hands-on, minds-on
learning; it fully supports the Piagetian premise that play is indeed children’s work
(Figure 240); and it affords children’s museums multiple opportunities to honor
children’s deep engagement with the larger world and their enthusiastic and energetic
ways of learning in it (Figure 241).
Lastly, I would like to take this opportunity to commend all my colleagues
involved in the project for their remarkable ability to proceed resolutely forward in the
face of ambiguity, to always put children’s learning, happiness, and well-being
foremost, and to consistently strive for excellence with the intent to embody what
Gardner (1982, p. 102) termed, “ . . . the capacity to resist usual practice . . . “ It was
my privilege and pleasure to work with such an excellent group of professionals. I
deeply hope that the outcomes of our efforts provide countless joyful experiences for
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Figure 240. Child at work in museum

Figure 241. Water naturally supports children’s exuberant learning
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children, their parents, caregivers, and teachers, and that the children’s museum field
more largely, which I love absolutely and for which I have the greatest respect and
admiration, is able to benefit in some substantive additional measure from our work.
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Connecticut in the Classroom Summer Institute

Holyoke's River Heritage:
Simple Machines, Inventions and Design
August 18-20, 2004, 8:30 a.m. - 3:00 p.m.
For Holyoke teachers of Grades K-6
Join us for a fun and exciting look at the industrial heritage of
Holyoke and learn more about the processes of inventing and
designing. You will:
•
•
•
•
•
•
•

tour several local operating mills
learn about the technologies of the time
see how the power of the Connecticut River was harnessed
take an inside look into the City's canal system
explore some of the inventions critical to the city’s success
explore the process of inventing for yourself
plan an engineering/design/inventions unit to do with your
students.

The design process from the Massachusetts Science and Technoloqy/Enqineerinq Curriculum Frameworks will
be incorporated into the Institute. Day one will be spent at the Children Museum at Holyoke touring the
mills and canals and setting the stage for days two and three at the Hitchcock Center for the Environment in
Amherst. At Hitchcock we will learn what the design/engineering process is and practice inventing a simple
device ourselves. Teachers will have time to plan a unit to teach in their classrooms.
Bring your own bag lunch. Morning refreshments will be provided.

We need firm commitments from all interested teachers in order to plan this workshop.
Participating teachers will be paid $25 per hour for up to 18 hours. 18 PDPs will be provided
Please fill out the bottom of this flyer and return it to Dr. Helen Gibson at Kelly School by
JUNE 4 (FAX 534-2303).
□ Yes, I will be attending the workshop on August 18-20
□ Yes, I am interested in participating in the 2004/2005 academic year cycle of Connecticut in the
Classroom (this involves attending the summer institute, several meetings and workshops throughout the
year and receiving in-class support in teaching from the Connecticut in the Classroom curriculum).
Name:___School and Grade:_
I can be reached during the summer at:
Address:_
Phone:___
Email:_

Figure 242. Professional development summer program poster
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Notes
1 Eisner, 1991, p. 187.
2

Again, Gladwell’s (2000) The tipping point provides lucid theoretical support for the
notion of logarithmically-expanded effectiveness of the method once a requisite number
of institutions begin to change their protocols to allow AR to enhance their mission.
3

“Researchers have discovered that (children) can connect a new word with an
underlying concept after only a brief encounter, a process called fast mapping” (Berk,
2002, p.356).
4

Even very young children, such as those in daycare or Head Start groups, can become
important providers of relevant feedback as to how well an exhibit or program is
working. Given that CMH has an extensive network of membership and partnership
affiliations in place with just such childcare providers and early childhood educators, it
is a logical next step to involve them in ATCE evaluation and improvement. Such
sessions, similar in nature to my focus group work with summer camp children, provide
lovely opportunities for enhancing interactions between museum staff and the children
and their teachers; they also generate authentic and evocative photo opportunities,
whereby both the families and the museum get to be local media personalities for a bit.
5 Papert, 1993, p. 34.
6 The planning group discussed in passing the possibility of CMH considering the Mill
as a prototype for an eventual, much more expansive and inclusive, exhibit. Given that
mills were absolutely integral to the city, from its initial vision through all the decades
of its industrial prominence, such a revisiting exhibition has great didactic potential,
with a number of powerful and poignant themes that may well resonate positively with
potential funding sources such as the National Endowment for the Humanities.
Considerations of immigration patterns, relations among different ethnic groups, social
stratification, gender inequality, child labor, workers’ rights, and the history of mill
workers’ housing may be subsumed within this topic, as may issues of urban planning,
the history of industrial processes in the past century, and resource management.
7

Exhibits at the Tsongas Industrial History Center in the Lowell, MA National
Historical Park provide outstanding models for such concepts.
g

Since strobe lighting can trigger seizures in individuals with a diagnosis of
photosensitive epilepsy, it is incumbent on CMH exhibit professionals to thoroughly
research the appropriate guidelines to ensure visitor safety prior to implementing this
suggestion. Such parameters include limiting the number of flashes per second and
constraining the strobing effects to brief intervals with adequate rest, i.e., non-flashing,
phases between them.
9

The system of canals in Holyoke is typically drained and dredged at least annually.
This protocol entails the utilization of a number of pieces of very large construction
equipment; over the years, I have watched many children, adolescents, and even adults
deeply involved in observing this complex process. Making it part of A TCE is a non¬
trivial, and potentially highly engaging, inclusion. Here, also, accompanying
photographic or filmic imagery of the real-world actions would provide significant
modeling of what the tabletop activity represents.
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10 I am familiar with a number of relevant models that produce similar types of
outcomes: Boston Museum of Science and the Acton (MA) Discovery Museums both
have stairways which are user-activated. The former produces music, the latter turns on
a different color light in the tread of each step (Lynchburg’s Amazement Square has a
similar, much larger, version of this kinesthetic spectrum). Acton also showcases an
“air harp,” in which motion within the stringless frame of a harp interrupts light beams,
with musical results.
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